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GALILEO ORBITER FLIGHT EQUIPMENT

‘ PLASMA WAVE SUBSYSTEM
. Denotes changes

1.0 SCOPE

This document establishes the functional requ1rements of the
Galileo Orbiter plasma wave subsystem (PWS) which is used to
investigate electric and magnetic waves in space plasmas.

2.0 APPLICABLE DOCUMENTS

The following documents form a part of this Functional
Reguirement.

NOTE
GLL~3-100, Galileo Orbiter Requirements and Constraints applies
to this document. Requirements of other Galileo level-three
documents may also be applicable. It is the responsibility of
the user to adequately acquaint himself with the organization and
pertinent content of the level-three documents, as well as with
with the material contained herein.
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3.0 FUNCTIONAL REQUIREMENTS
GENERAT,

The function of the PWS shall be to measure the characteristics
of wave electric and magnetic fields in the Jovian magnetospheric
plasma. The scientific objectives of this investigation are to
study the characteristics and origin of plasma waves in Jupiter’s
magnetosphere. The measurements abtained with the PWS will be
used to analyze wave-particle interactions that play important
roles in controlling the dynamics of the Jovian magnetosphere and
to study satellite-magnetosphere interactions. As a secondary
acbjective a study will be made of Jovian radio emissions.

3.2 Sensing and Analog Processing

The PWS shall use sensors capable of detecting wave electric
fields and wave magnetic fields.

3.2.1 Frequency Coverade

The PWS shall measure wave phenamena at frequencies between 5 Hz
and 160 kHz. The PWS shall also measure wave electric fields

at frequencies in selected narrow bandpasses in the frequency
range 100 kHz to 5.6 MHz.

3.3.2 ‘Frequency Resolution

The PWS shall measure wave phenomena in four filter channels between
5 Hz and 50 Hz. Naminal bandwidths shall be + 15 percent of the
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center frequency. The PWS shall have 112 filter channels between
40 Hz and 160 kHz with bandwidths of approximately + 2 percent of
the center frequency. The PWS shall also have 42 channels with 3
kHz bandwidths at frequencies between 100 kHz and 5.6 MHz. The
Galileo 2.4 kHz power supply frequency shall be notched in each of
these filter channels at frequencies above 400 kHz. The PWS shall
also make high frequency resolution measurements with a wideband
waveform receiver that will sample wave phenomena rapidly enough
to enable reconstruction of the waveform in selectable bandwidths
of 5 Hz to 1 kHz, 50 Hz to 10 kHz, and 50 Hz to 80 kHz.

Dynamic Range
'IhePWSshallmkemeasurenentscveradynamicrangegreater

than 90 dB with spurious free response over a dynamic range
greater than 70 dB.

Amplitude Resolution

The PWS shall resolve the amplitude of wave phenomena measured to
within +2 dB.

Data Processing
The instrument shall cycle through various filters, collecting,

campressing, A to D converting, and formatting data for output.
The output shall be in 1 of 4 a fixed format.

Si aci

The instrument shall contain a data interface with the command
ard data subsystem (CDS). This interface shall condition signals
for camunication with the CDS to provide mstnment synchroni-
zation, mode selection, and data readout.

Power Conversion

The PWS shall accept 2.4 kHz power form the power/pyro subsystem
(PPS) and convert it to the necessary voltages for circuit operation.

FUNCTIONAL DESCRIPTION
Major Functional Elements

The PWS shall consist of a four channel frequency spectrum analy-
zer, a 112 channel sweep fregquency receiver, a wideband waveform
receiver, a 42-channel high frequency receiver, a data processing
unit, and electric dipole antenna assembly, a search coil magnetic
antenna assembly, input electronics, a calibration generator, a
search coil preamplifier supplemental heater, and a power supply.
The PWS functional block diagram shall be as shown in Figure 1. .
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4.1.1 Four Channel f Analyzer

The four channel freguency spectrum analyzer shall measure the
amplitude of signals in four filter channels with a logarithmic
campressor. The center frequencies and the nominal bandwidth of
these four channels are shown in Table 1.

Table 1. Spectrum Analyzer Filter Characteristics

Filter Center Frame
Compressor: Frecquency (Hz)* Number
4 5.62 1, 5, 9, 13, 17, 21 25
2, 6 10, 14, 18, 22, 26
3, 7, 11, 15, 19, 23, 27
4, 8, 12, 16, 20, 24, 28

*Nominal bandwidth of + 15%

4.1.2 One-Hundred Twelve Channel Sweep Fregquency Receiver

The 112 channel sweep frequency receiver shall measure the
amplitude of signals in 112 filter channels with four logarithmic
campressors. The center frequencies and bandwidth of these 112
channels are shown in Table 2.

4.1.3 Wideband wWaveform Receiver

The wideband waveform receiver shall sample and convert to digital
- form with 4-bit accuracy the waveforn of the signal received by an
automatic gain control (AGC) receiver rapidly enough to allow
reconstruction of the waveform in one of three bardpasses: 50 Hz
to 10 kHz, 40 Hz to 80 kHz, or 5 Hz to 1 kHz. This hi-rate data
shall be supplied, serially to the bulk memory through a special
purpose interface, similar to the SSI hi-rate data. The waveform
receiver shall operate in one of three hi-rate modes ard a
waveform survey mode (data included in IRS format) as listed in

Table 3.
4.1.4 Forty-two Channel Hi Receiver

The forty-two channel high freguency receiver shall measure the
amplitude of signals in forty-two filter channels with one log-
arithmic compressor. The center frequencies of these forty-two
channels are shown in Table 4. The nominal bandwidth of these
channels is 3 kHz.
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Table 2. SWEEP FREQUENCY RECEIVER FILTER CHARACTER1STICS
Band [Fflter | Cunter Fre- | Bundwidth Band |Filter | Center Fre- | Bandwidth Band |Filter | Center Fre- |Bandwidth
No. No. quuency (Hz) (Hz) No. No. | quency (Hz) (Hz) - No. No quency (kH2| (i
1 42.1 42 900 83 18.59 kHz
2 45.6 43 965 84 20.10
3 49.0 44 1031 33 1.8
4 52.5 45 1098 86 23.3
S 56.0 46 1201 87 25,1
6 59.6 47 1272 88 26.9
7 6.7 48 1380 +15 89 8.7
8 70.4 49 1491 =1 90 30.5
9 7.7 2 $0 1606 91 34.2
10 81.5 51 1724 92 36.0
11 89.0 2 1887 93 39.8
12 9.7 53 2013 94 41.7
13 104.5 54 2144 95 45.6
1 14 112.5 +5.2 55 2325 96 49.5
15 120.6 ) 56 2513 97 53.5
16 128.9 57 7.70 khz 4 98 57.6 +720
17 137.3 58 2.91 99 61.7
18 150.2 59 3.14 100 66.0
| 19 158.9 60 3,36 101 70.3
‘ 20 172.5 61 3.58 102 76.9
; 21 186.4 62 3.81 103 81.4
! 22 200.7 63 4.27 104 88.3
, 23 215.5 64 4.50 105 95.4
; 24 235.9 65 4.98 106 102.8
: 25 251.7 66 5.21 107 110.3
: ' 20.7
: 26 268.0 67 5.70 108 12
' 27 290.6 68 6.19 109 128.9
' 28 314, 1 &9 6.69 110 137.2
29 337 3 70 7.20 +90 1 148.8
30 364 7 1.72 - 112 160.8
3 392 72 8.25
32 420 73 8.78
33 448 74 9,61
34 476 75 10,17
35 534 76 11,04
36 563 77 11.93
37 622 78 12.85
38 652 79 13.79
39 712 80 15.09
. 4“0 774 81 16.11
, 4l 8136 82 17.15
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Data Processing Unit .

The data processing unit shall perform sampling, 8-bit analog-to-
digital conversion, storage, and routing of data from the spectrum
analyzer, the sweep frequency receiver, and the high frequency
receiver. The data processing unit shall generate clocking ard
timing pulses from signals received on the CDS bus. The data
processing unit shall provide a bus adapter to interface between
the CDS bus and the PWS. The data processing unit shall also
collect and route sampled data from the waveform receiver in two
bandpasses, 50 Hz to 10 kHz and 5 Hz to 1 Hz, when it is in the
Waveform Survey Mode. A fixed mummber (280) of these samples shall
be collected at a rate of 100.8 or 12.6 kb/s, stored in the data
processing unit, and clocked into the low rate science format at
an effective rate of 120 b/s.

Table 3. Wideband Waveform Receiver Operating Modes

Mode Bandwidth Hi-Rate Data Rate
Mode 1 50 Hz - 10 kHz 100.8 kb/s
Mode 2 50 Hz - 80 kHz 806.4 kb/s .
Mode 3 _ S Hz - 1 kHz 12.6 kb/s
Waveform Survey Mode 50 Hz -10 kHz 100.8 kb/s,
(Mode 4) : 12.6 kb/s
alternating

every 9.3 sec.
(14 IRS frames)

Note: Data rate is rate at which data is clocked into the
CDS bulk memory. Effective data rates in spacecraft
telemetry will be less than or equal to these rates,
depending on how much data is clocked into the
telemetry stream.
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Table 4. High Frequency Receiver Filter Characteristics

1 F Filter Center Frequency
(MHZz) Channel Number (MHz)
1 0.1008
2 0.1134
0.10- 3 0.1260
0.18 4 0.1386
5 0.1512
6 0.1638
7 0.1764
8 0.2016
9 0.2268
0.20- 10 0.2520
0.35 11 0.2772
12 0.3024
13 0.3276
14 0.3528
15 0.4032
16 0.4536
0.40- 17 0.5040
0.71 18 0.5544
19 0.6048
20 0.6552
21 0.7056
22 0.8060
23 0.9070
0.81- 24 1.008
1.41 25 1.109
26 1.210
27 1.310
28 1.411
29 1.613
30 1.814
l1.61 31 2.016
2.82 32 2.218
33 2.419
34 2.621
35 2.822
36 3.226
37 3.629
3.23 38 4,032
5.65 39 4.435
40 4,838
41 5.242
42 5.645
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Electric Dipole Antenna Assembly .

The electric dipole antenna assembly shall receive plasma wave
electric fields with two deployable elements. Two preamplifiers
lrrtegmlwmhtheassmblyshallbeusedbetweenmeantenna
elements and the main electronics package.

Magnetic Antenna Assembly

The magnetic antenna assembly shall receive plasma wave magnetic
fields with two search coil magnetometers covering the frequency
ranges 70 Hz to 3.5 kHz and 1 to 50 kHz. A preamplifier shall be
used between each search coil and the main electronics package.

Input Electronics

Input electronics consisting of differential amplifiers, analog
switches, notch filters, and drivers shall route and condition
the signal between the two antenna assemblies and the major
subassemblies within the main electronics package.

Calibration Generator

A calibration generator shall be provided to supply a calibration
signal to the search coil magnetic antennas. This calibration
signal shall consist of a one volt peak-to-peak square wave at

960 Hz. Calibration data will be processed by the PWS similar to
normal science data.

Power Supply

The power supply shall convert the +50 volt, 2.4 kHz power for
the orbiter into regulated voltages required by the instrument.

Search Coil Preamplifier Supplemental Heater

To maintain suitable temperature for the search coil preamplifier,
a supplemental electrical heater shall be provided. This heater
will be switched by the CDS and powered from the S/C 30 VDC supply.

Data Processing and Format

PWS cammands from CDS for instrument control will be shown in
GLL~3-290, Command Structure and Assigmments. Telemetry will be
shown in GLI~3-280, Telemetry Measurements and Data Formats.
Data bus protocol will be as shown in GLI~3~270, Galileo Orbiter
Data System Intercommnication Reguirements.

10
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4.2.1 Io-Rate Data

Data processing for the PWS lo-rate data shall consist of
performing analog-to-digital conversions of data from the
spectrum analyzer, sweep freguency receiver, the waveform
receiver, and the high frequency receiver; storing the digitized
data; and sending data to the CDS through the bus adapter. All
PWS lo-rate science data shall be clocked serially to the CDS bus
in one block of 18 eight-bit words. One 8-bit digital status
word and one 8-bit analog engineering word will also be provided
nnmedlately preceding this 18-word block of science data. This
results in a total block of 20 8-bit words at an effective data
rate of 240 bits per second. The CDS will provide commands to
enable the PWS to control the sw1tchmg sampling, and routmg of
these data. The format for the PWS science and engineering words
is shown in Figure 2. The position of the high frequency
receiver channels in the lo-rate science format is shown in Table
5. The position of the sweep fregquency receiver channels in the lo-
rate science format is shown in Table 6.

4.2.2 Hi-Rate Data

Data processing for the PWS hi-rate data shall consist of
performing an analog-to—dlgltal conversion of sampled data from
the waveform receiver and routing that data to the CDS bulk
memory via the hi-rate data interface. Appropriate synchronizing
words shall be provided to enable the CDS to clock the data into
the bulk memory. The Format for the hi-rate data is shown in

Figure 3.
4.2.3 PWS Digital Status

The PWS shall make status measurements in the PWS digital status
word as shown in Figure 4 and GLL~3-280.

il
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DIGITAL ANALOG SCIENCE DATA
STATUS  ENG
I
emoll ace FILTER CHANNELS WAVEFCRM
rrame 1| 0pp 15PN BTN gpr e sa, sPR (me| 9 yRvald
| 4y3fria 21|
~
. ) :CMD pS FILTER CHANNELS ‘ o WAVEFCRM
41311 | 312111}z
FRAME 3 |CMD 8-bit FILTER CHANNELS - WAVEFORM
OPP 17t || ADC || sFr wr A sFR (mF| OF SURVEY
l o 131712 lz f1}2
eame < | ope | emoll ¢-bit FILTER CHANNELS WAVEFORM
A
OPP 1'st |l 43¢ || sFr- mr sa, sir (we| P9 SAveY
| 4 )3 l 1{1]2]1 | 2
BIT -l §—onle o
ALLOCATION =7 -8t 36 S ®0 ™
e 20 8-bit WORDS - ' -
ONE FRAME = 0, 67 seconds DPP = DIGITAL PERFORMANGCE PARAMETERS
ONE SPECTRAL SCAN = 28 FRAMES DQ = DATA QUALITY
ONE SAMPLE OF BOTHE & B = 56 FRAMES CMD ST, = COMMAND STATUS
ONE WAVEFORM SURVEYFSOAMPLE =16 FRAMES HF = HIGH FREQUENCY RECEIVER CHANNEL
SAMPLES OF BOTH WAVEFORM SURV SER = s
FREQUENCY RANGES = 28 FRAMES , SA = s:gg&‘fﬁﬁgggﬁgﬁgﬁ CHANVEL
ONE HIGH FREQUENCY RECEIVER SAMPLE = 28 FRAMES :
ONE SFR SAMPLE = 28 FRAMES
Figure 2. PWS Low Rate Science Format ‘
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Table 5. Position of High Frequency Receiver Data

in PWS ILow-Rate Science Format

HF 1* HF 2*
Frame No.* (Filter No.) (Filter No.)
1 15 1
2 © 22 1
3 29 8
4 36 8
5 16 2
6 23 2
7 30 9
8 37 9
9 17 3
10 ' 24 3
11 31 10
12 38 10
13 18 4
14 25 4
15 32 1l
16 39 11
17 19 5
18 26 5
19 33 12
20 40 12
21 20 6
22 27 6
23 34 13
24 41 13
25 21 _ 7
26 28 7
27 35 14
28 42 14

*See Figure 2 & Figure 4.

13
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Frame SFR 1 SFR 2 SFR 3 SFR 4
No. (Filter No.) (Filter No.) (Filter No.) (Filter No.)
1 1 29 57 85
2 2 30 58 86
3 3 31 59 87
4 4 32 60 88
5 5 33 61 89
6 6 34 62 90
7 7 35 63 91
8 8 36 64 92
9 9 37 65 93

10 10 38 66 94

11 11 39 67 95

12 12 40 68 96

13 13 41 69 97

14 14 42 70 98

15 15 43 71 99

16 16 44 72 100

17 17 45 73 101

18 18 46 74 102

19 19 47 75 103

20 20 48 76 104

21 21 49 77 105

22 22 50 78 106

23 23 51 79 107

24 24 52 80 108

25 25 53 81 109

26 26 54 82 110

27 27 55 83 111

28 28 56 84 112

14
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PWS 4-bit WCRD
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LS8

MSB
! i L | |
ANT - CMD
SW 0 - 27 COUNTER STATUS
POS. ] 1 ] ! )
BIT 1 2 3 . 4 5 6 7 8
BITS 1-6 DIGITAL PERFORMANCE PARAMETERS

BIT 1 Antenna Switch Position

E
B

0
1l

BITS 2-6 0-27 counter

0-27 counter increments once per IRS frame; 0-27 counter-
frame No. minus one (1).

Waveform survey data: frame No. 1-14 is waveform survey low
frequency range (5Hz - 1 kHz), frame No. 15-28 is waveform
survey high frequency range (50Hz - 10 KkHz).

Other science data: see Table 1, Table 5, and Table 6.

BITS 7-8 COMMAND STATUS

Frame 1 QMD WORD, BITS 1-2
Frame 2 MD WORD, BITS 3-4
Frame 3 O WORD, BITS 5-6
Frame 4 CQMD WORD, BITS 7-8

(SEE FIGURE 6 FOR CMD WORD DEFINITION)

Figure 4. PWS Status Word

16
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Operating Modes

The PWS shall operate in the operating modes shown in the PWS state
diagram shown in Figure 5. The PWS command format is shown in
Figure 6 and GLI~3-290. Commands are issued by the CDS and may be
either ground camands or sequenced commands.

INTERFACE DEFINITION
Eléctri@ Interfaces
General

a. Basic requirements for electrical grounding, electrical
bonding, electrical interface circuits, and electromagnetic
campatibility are contained in GLI~3-260, Electrical Grounding
arnd Interfacing.

b. Specific system-level requirements for electrical interface
circuits and ground are contained in the applicable circuit
data sheets. See JPL Drawing 10085825, Circuit Data Sheet
Index and Guide.

c. All spacecraft flight and umbilical interface circuits, e.q.,

sub-system-subsystem, subsystem-launch vehicle, and subsystem-
support equipment through the umbilical connector, are listed
in GLL~3-110, Functional Block Diagram and Interface Listings.

d. All spacecraft non-flight circuits, including direct access

circuits, are listed in GLI~3-1110, Support Equipment Func-
tional Block Diagrams and Interface Listings.

Power/Pyro Subsystem (PPS) ‘
2.4 kHz Power (PPS)

The PPS will provide commandable on-off control of the 2.4 kHz,
50 V rms power.

30V DC Power

The PPS will provide commandable on-off control over a single inter-
face for the search coil preamplifier supplemental heater.

PWS - PWS Sensor Interface

Electric Antenna Preamplifier - Main Electronics

The interface between the electric antenna preamplifiers and the
main electronics includes positive and negative 11 volt power and
signals from both preamplifiers.

Magnetic Antenna Preamplifiers - Main Electronics.

The interface between the magnetic antenna preamplifiers and the
main electronics includes positive and negative 11 volt power,
signals from both preamplifiers, calibration signal to the search
coils, and preamp temperature.

17
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CDS BUS COMMAND FORMAT*

PSEUDO 1D ot o011
ADDR HI ** 0 00 00O OO
ADDRLO ** |0 0 0 0 0 0 0 O
DATA 8-bit CMD

*THERE ARE OTHER BYTES IN THIS BUS TRANSACTION, THESE ARE THE ONES OFf
INTEREST TO PWS COMMAND DECODING CIRCUITRY.,

*+ADDR HI AND ADDR LO ARE IDENTICAL FOR PWS COMMANDS (00000000)
AND SPACECRAFT TIME TRANSACTIONS (T 111111 1),

DEFINITION OF 8-bit CMD WORD

MSB LSB
' T
WFCMD | 1 | ANTSW CAL WF WF WF RECEIVER
INHIBIT/ SwW INHIBIT/ | ENABLE/ | o " op PWR MODE
ENABLE CYCLE INHIBIT

, 1
] 2 3 4 5 6 7

BIT I WF CMD INHIBIT, ENABLE 0 - ENABLE 1 = INHIBIT

8IT 2 SA ANT SW 0=F 1=8

BIT3  ANT SW INHIBIT/CYCLE 0 = CYCLE 1 = INHIBIT

BIT 4 CAL ENABLE, INHIBIT 0 = INHIBIT 1 = ENABLE

BIT S WF SELECT 0=¢ 1 =8

BIT & WF PWR 0 = ON 1 = OFF

*BITS 7-8 WF RCVR MODE 00 - WF SURVEY

0! = 100.8 kb/sec
10 = 806.4 kb, sec
11 =12.6 kb/sec

*WF COMMANDS (BITS 5,6,7, AND 8) ARE IMMEDIATE AND INITIATED ONLY WHEN BIT 1,
WF CMD INHIBIT, ENABLE IS EQUAL TO 0. ALL OTHER COMMANDS ARE DELAYED UNTIL
START OF INSTRUMENT CYCLE (28 LRS FRAMES).

Figure 6.

PWS Command Format

19




7.2

7.3

7.4

7.5

7.6

7.7

GLL~4-2023, Rev. B

Power consumption of the PWS shall be as specified in GLI~3-250,
Power Profile and Allocations. Power expressed herein is for
information only: 5.92 W, waveform receiver power OFF ; 6.8 W,
waveform receiver power OGN . The power for the supplementary elec-
trical heater shall be 3.00 W.

Volume

The volume of the PWS shall be as specified in ICDs 10086759 and
10086769, and GLI~3-180.

Envirommental

The PWS shall be designed to operate within specification over the
qualification temperature range, which is:

a. Main Electronics -20/+75°C
b. Mag Pre Amp -35/+75°C
c. Elect Pre Amp -45/+75°C
d. Search Coils ~125/+75°C

' ‘.

In Addition, the PWS shall be ocmpatlble with all the requirements
of GLL~3-240, Envirommental Design Requuanents, and GLI~3-210,
Design Criteria for Temperature Control.

e. Dipole Antenna Elements ~196/+75°C

Packaging

The PWS shall be packaged in accordance with the applicable sections
of GLI~3-220, Electronic Equipment Design.

Identification and

The PWS shall be identified in accordance with ICDs 10086759 and
10086769; Section VII, Part F, Configuration Management, of
PD635-52, Project Galileo Policies, and Requirements for Orbiter
Science Investigations; and Section VII, Equipment Identification
and Marking, 625-232, Galileo Orbiter Configuration Management
Plan.

Inerti ies

The PWS shall be in accordance with the applicable sections of
GLI~3-200, Inertial Properties.

J
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Structural Design

The structural design of the PWS shall be in accordance with
GLL~3-190, Structural Design Criteria.

SAFETY CONSIDERATIONS

The PWS shall constitute no unusual safety hazard. Special
handling is required for the RHUs. The search coils must be
protected from large alternating magnetic fields.

SPECIAL REQUIREMENTS

Oscillator Synchronization

In orbiter subsystems, all oscillator circuits and countdown
circuits in the range of 5 hz to 6 MHz will be a harmonic of the
2.4 kKHz power frequency unless otherwise approved by waiver.

Electromagnetic Interference

Electric and magnetic field interference from other subsystems
measured at the PWS antenna assemblies should be below levels
specified in PD625-50, Galileo Orbiter Science Requirements
Document. These levels are repeated in Table 7, and are approx-—
imately equivalent to the PWS instrument sensitivity. Allowable
subsystem emission levels are shown in GII1~3-240. If all sub-
systems meet these requirements then the maximm science data will
be possible.

23




GLL~4-2023, Rev. B

Table 7. Maximm EMI levels

ectri ield erence at ic Antenna Assembl
Frequency Range Integrated Electric Field
1Hz - 4 kiz 0.5 V/m in 30% bandwidth
4 KHz -~ 400 kHz 0.5 V/n in 15% bandwidth
1Hz - 2 KkiHz 50 V/M
250 Hz - ‘85 KHz ~ 50 'V/m
400 KHz - 10 MHz 0.5 V/m in 1 kHz bandwidth

between harmonics of 2.4 kHz
power supply frequency

Magnetic Field Interference at Magnetic Antenna Assembly

Frequency Range Integrated Magnetic Field
1 Hz - 1 kHz 40 in 30% bandwidth
1 kHz - 100 kiz 30 in 15% bandwidth
1 Hz - 2 kHz 2
250 Hz - 85 kHz ' 1
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Equipotential Spacecraft

The use of an equipotential spacecraft to control spacecraft
charging will assist in controlling electromagnetic radiation from
the orbiter and possible electric interference from discharges on
the surface of the orbiter resulting from differential charging.
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‘ 5.0. Overview of 3-310

This document summarizes at Level
s/w changes. For ease of comparisor
Level 2 document. For each instrum
of the processing needed to form the
in the instruments’ flight s/w.

5.0.1. Use of Fill Data

Whenever the downlink rate exceed
available, CDS will fill the excess cz
LPW buffer, placed into 442-byte p
These are sent to the TLM build prg

5.0.2. Buffer Management

CDS will provide a large (70K) Mu
store raw DMS tape data prior to pi
(VCDUs) prior to downlink, proces
data (VCDUs) prior to downlink.

CDS will provide a smaller (4K) Pri
engineering and OPNAYV processed
given priority over data in the multi
Capability will be provided (via 6T
downlink.

CDS will use the 13.5K Imaging IC
process NIMS PB data when this fu
support PPR Burst-to-tape. Finally
buffer will be used to select 8X8 bl
the NIMS data, about 15 minutes is
packetize it. The ICT data clear in
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3 the CDS processing associated with the Phase 2 flight

1, the instruments are covered in the same order as in the

ent the data pickup is described, followed by a description
packets. Finally there 1s a brief description of the changes

s the rate of RT data generation and PB data are not
apability with high-rate PWS data collected from the PWS
ackets (including header), and then into RT VCDU’s.
rcess as needed.

ti-use Buffer. This buffer will be used to temporarily
rocessing, raw RRCC data, processed DMS tape data
sed RRCC data (VCDUs), and processed R/T science

ority Buffer. This buffer will be used to temporarily store
data (VCDUs). Ready data in this buffer will always be
~use buffer when constructing the downlink frame.
MCHG) to store the engineering data during periods of no
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, when the SSI playback data is being processed, the full
ocks to send to AACS for ICT compression. In the case of
required after the data is acquired to process and

about one RIM.
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5.0.3. CDS Internal Fault Protection Changes

CDS will terminate the new phase 2 non-redundant processes after detecting any privileged or
non-privileged CDS internal fault if that fault triggers an SFP response. Note that S/C Safing
SFP response creates a CDS non-privileged error.

CDS will terminate the new phase 2 non-redundant processes prior to executing any SFP
response to provide adequate resources to execute the routine. Excepted from this
requirement are the "normal" SFP functions of Thruster Firing Imminent (TFI), Thruster
Firing All Clear (TFAC), and the LLM SFP Temperature Monitors.

CDS will initiate S/C Safing SFP response after any fault which terminates the new phase 2
non-redundant processes.

CDS will provide for autonomous detection of a despun bus reset and will then recover the
affected string, request a new (TBD) SFP response, and will continue the execution of the
stored sequence. Functions not compatible with tlus requirement will be moved out of the
despun LLMs.

5.0.4. System Fault Protection Changes

While most of system fault protection is unchanged and provides the same level of single fault
tolerances as currently exists, selected system fault protection functions will be changed in
order to save memory, and to make responses compatible with the new LGA functions.

5.0.4.1. Algorithm Deletions

Delete system fault protection algorithms not required during the orbital operations
period. These include:

RPM Overpressure (monitor and response)

Celestial Reference Loss (response)

AACS_INIT_C (relay/joi sections of the response)

UVREC_C (relay/joi sections of the response)

DMS Recovery (move non-critical mode portions to UVREC_C)
Critical Mode Operation

Critical Mode SAFING response

DBUM Swap

SR a0 o
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. 5.0.4.2. Modifications to Existing Algorithms

Modify system fault protection algorithms as required to support the LGA mission.
These will include:

a. SAFING Delete

EGA conditionals (S_TWTA_HI, FPWS_COLD), Bay
E heater, '
b. TFAC PPR commands stored in PGVs
c. RPMSAFE Replace RCT-NIMS with Bay E heater
d. UVREC Place PLS in a safe condition after a UV-trip (PLS Instrument

Power OFF, Replacement Htr ON, Supplemental Htr ON)

5.0.4.3 Algorithm Addition—-DBUSR

Add a new SFP algorithm which is requested by CDS internal FP after recovering from a
Despun Bus Reset. This algorithm will issue only those commands necessary for S/C and
subsystem safety when continuing the stored sequence after the despun bus reset. The
response is limited to one command per 15 minor frames to allow concurrent execution with
other ongoing activities. Commands are TBD.

5.05. Delete Unnecessary CDS Functions
. CDS will delete functions which are no longer required in the LGA mission in order to

reallocate memory to new functions. Functions to be deleted include Critical Operations
Mode (including 6MARK FC).
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5.06. Science Instrument Software Changes .

The following table summarizes the changes which are being made in the software within the
science instruments. The column labled “Class” indicates the size of the reprogramming as a
fraction of the initial programming effort: Class 1 = <20%, Class 2 = 20%-40%, and

Class 3 = 40%-60%.

Instrument Class Description
SSI 2 Slow image readout
2x2 sum at low rate
On-chip mosaic
NIMS 2 Edit mirror position, A
Decrease housekeeping data
Add realtime data
PPR 0 None
EUV 1 Store spectrum by sector
UVS 1 Change observational modes
MAG 2 Redesign optimal averager
DDS 1 Add lower data rate capability
PLS 3 Decrease cycle time, resolution
Compress sensor data
Minimize housekeeping data
PWS 0 None '
EPD 3 Change to spin-based sampling
Reduce channel sampling
Minimize housekeeping data
HIC 0 Reconfigure for MRO’s

Rev -- : Page 5-4 4 November, 1993




Appendix to 625-205-GLL-3-310, Flight Software Requirements

5.07. Packet Format Summary

The table below shows a typical telemetry packet. The top row gives the names of the fields,
the second row the size of the fields in bits, and the third row the data entered.

The first bit of the packet, the Time Included flag, is set to 1 for those packets which include a
time field. The rest of the first byte is the Application ID, which is used to identify the source

of the data and the format of the rest of the header. The next nine bits give the byte count of

the data portion of the packet. Next is the 7-bit Sequence Number, which is a packet counter
separately maintained for each Application ID, going from O to 127 and then rolling over to 0
again.

Next is the Format ID, which is not present for all Application IDs. It is used to give further
information about the contents of the packet, typically giving the data rate or instrument
mode.

Following is the optional time field, whose length and content depends on the needs of the
ground data processing system. It is always included in packets with a Seq # of 0, and
generally also when Seq # modulo some specified power of two is zero, e.g., “every 161
packet.” Time is also included in the first packet of a new “set” of data, such as the start of a
record mode or switching a data stream from deselected to selected, indicating a break in the
steady collection of data. In the example shown, the time field contains the minor frame count
and the least significant two and a half bytes of the RIM count.

If the time field is missing, the Format ID is in the most significant nybble of a byte by itself.

MAG RT Data
Time | AppID | Size | Seq# | FmtID (Time) Datal | Data2 Data 90
inc.
1 7 9 7 4 28 16 16 16
MAGI Y4R-R-R-mf
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5.1. SSI
. 5.1.1. SSI Data Pickup

In addition to continuing to supply 94.56 kb/s for HIM, 768 kb/s for IM8 and AIS8, and
311.04 kb/s (372.48 including R/S) for IM4, SSI will supply 77.76 kb/s (93.12 including R/S)
for HCA and 94.56 kb/s for HMA and HIS. It also will continue to supply 144 b/s (12 bytes
per mf) status data for LPW.

5.1.2. SSI Processing in CDS

CDS does a lot of processing for SSI data. In all cases it deletes prepare-cycle data, header
and fill. The location of these data is mode-dependent. CDS deletes the Reed-Solomon code
from the compressed modes HCA and IM4. CDS has an editing process for uncompressed
SSI science imaging data (windowing) and two types of compression (in AACS): an 8x8 ICT
compressor at various commandable target compression ratios and a lossless compressor.
CDS can apply either compressor or neither, with or without windowing. Windowing consists
of saving only one sequence/PB-table-specified rectangular region of the image for
compression and downlink. The window will be a multiple of 8 columns and 8 rows.

The ICT compressor operates fast enough to keep up with the 7.68 kb/s tape playback. It can
accomodate playback-table-selectable target compression ratios ranging from 2:1 to 80:1.
CDS will load into AACS optimized Q tables and Huffman tables indicated by the playback
table. Another option is a fixed-size “truth window” of losslessly compressed data in an
otherwise ICT-compressed image.

The specification of processes and parameters involves the usual PB table algorithm and
parameter fields, plus a special second 8-byte PB table entry. The algorithm field of the first
entry has two bits to specify the compression type and 1044-byte Huffman table to use
(ICT-atmosphere, ICT-satellite, lossless, BARC), two bits to point to which of the 3 128-byte
Q tables should be used, and one bit to specify the zigzag pattern. The parameter field is the Q
factor.

The extra PB table entry specifies the windowing and truth window (if present). The first byte
give the X coordinate of the pixel start of the window to be processed, the next byte gives the
Y coordinate, the next byte gives the picture width, and the following byte the height all in
8-pixel units. To indicate that no windowing is being done, the first 4 bytes should be (0, 0,
100, 100). The last two bytes give the X and Y coordinates of the upper left corner of the
losslessly-compressed 96 x 96 truth window (for ICT-compressed images only) in the same
units. If no truth window is desired, both bytes should be 255.
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In order to reduce the quantity of downlink data, none of the ground-specified (sequence or
playback table) processing parameters are included in the data. The science team/MIPL is
responsible for using the appropriate parameters from predicts for processing the data.

Each packet contains data from only one image. Except for the grouping of 8 lines of data
together for the ICT, data are processed and returned in the same order in which they went
onto the DMS. Time is included in the first data packet for each image and every 64t packet.

The data from the ICT and lossless compression consist of a up to 100 strips of compressed
data, each strip containing data from 8 lines (up to 100 8x8 blocks). Each block of data
consists of Huffman codes from the 8x8 region followed by a 1-bit flag which is set to 1 if the
attempted compression resulted in expansion. In the case of expansion, for ICT the data
returned are truncated at 64 bytes, while for lossless compression the raw data are returned.
The data from the compression blocks within each strip are packed into bytes with no gaps,
but with up to 7 bits of zero fill after the last block in the strip, followed by a 32-bit sync code
and a byte giving the strip number (1-100) of the data. The data field can be split across
packet boundaries, but the sync code can not. Each packet for the BARC-compressed modes
contains data from one line.

Each image has one special packet with housekeeping measurements associated with that
image, along with AACS data (scan platform RA, DEC, and TWIST plus rotor CLOCK)
corresponding to the time the SSI shutter was opened, obtained from the LPW recorded with
the imaging data, along with the time for the image. For most modes the housekeeping data

- consist of two bytes per mf collected for 13 mf's. For the 2 1/3 second mode (AI8) it is four
bytes per mf for 3 mf's. For details on this and for the subset of the housckeepmg data which
is put into the engineering telemetry see 3-280.

SSI imaging and status data can be deselected independently from the playback data stream.

SSI Imaging Data, Non-BARC-compressed Modes

Time | AppID | Size | Seq# | Image# | (Time) Datal | Data2 | ... | Data <511
inc.
1 7 9 7 4 28 8 8 1... |8

Ssli VR-R-R-mf S

SSI Imaging Data, BARC-Compressed Modes (HCA, IM4)

Time | AppID | Size | Seq# | Image# | (Time) Datal | Data? | ... | Data 324
inc.
i 7 9 7 4 28 8 8 .. |8
SSI12 15R-R-R-mf
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SSI Housekeeping ‘
Time | AppID | Size | Seq# | Image# | (Time) Datal | Data2 | ... | Data 20

inc. or 34

1 7 9 7 4 28 8 8 .. | 8

I SSI3 Y2R-R-R-mf

SSI Science & Housekeeping Data Flow in CDS

Huffman Table,

PB Q Table & Factor: ICT in
Table ICT or Huffman AACS
or Raw; Windowing :

v

PB Table/ —— ° ‘
SSI Mode ! o BARC Data

AACS

High-rate 5

=
PB -
SSi o \‘ —e
Housekeeping

12 bytes/mf

At Shutter time:
Housekeeping;
Platform RA, DEC,
Twist; Rotor Clock
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‘ 5.1.3. SSI Opnav Processing in CDS

In addition to the science processing for SSI data described above, there is also a different set
of algorithms used for optical navigation. These involve finding and returning small windows
around the limb/terminator (LT) of one extended body and using its computed position plus
uplinked offsets to find and return square windows presumably containing star images. The
algorithms can work either with recorded images or by doing realtime readouts of the SSI,
using special commands to discard or read out a specified number of lines. The basic routine
starts with finding the extended target body by doing 10 to 50 cycles of skip n lines and read
m lines. For each set of m lines read, CDS scans each line looking for the two LTs presumed
to be present. The first LT is marked by the finding of i consecutive pixels greater than a
specified high threshold, and the second by finding j consecutive pixels below a specified dark
threshold. In each case the (x,y) location of the LT and the values of the 16 pixels surrounding
it in the line are saved for downlink. '

CDS will use locations in the top 1/3 of the LT to compute the location of the upper cusp of
the body. Uplinked offsets from this location determine the locations of the k (1 to 3) 20x20
windows surrounding star images which will be read out and downlinked along with the LT

data. The stars must be below the top 1/3 of the extended body.

Note that for RT opnav, special commanding of SSI is needed to read out and to skip the
. specified lines, while recorded opnav takes some fancy DMS control.

One packet type will be used for the LT data and one for the star windows. Five to eight

packets will be used for each extended body, and one packet for each star. Time is included
once per image, and the packets are turned into VCDUs in the priority virtual channel.
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RT Opnav Extended Body Limb/Terminator Data

Time | App ID | Size | Seq # | (Time) Datal | Data2 Data<511
inc.
1 7 9 7 32 8 8 8

OPN1 R-R-R-mf
RT Opnav Star Window Data
Time | AppID | Size | Seq # | (Time) Datal | Data2 Data<511
inc. :
1 7 9 7 32 8 8 8

OPN2 R-R-R-mf
PB Opnav Extended Body Limb/Terminator Data :
Time | AppID | Size | Seq # | (Time) Datal | Data2 Data<511
inc.
1 7 9 7 32 8 8 8

OPN3 R-R-R-mf
PB Opnav Star Window Data
Time | App ID | Size | Seq # | (Time) Datal | Data2 Datag511
inc. .
1 7 9 7 32 8 8 8

OPN4 R-R-R-mf

SSI Opnav Data Processing in CDS
Opnav Mode
Extended body limb and__,
' terminator strips
oA =
Ssi &—> () —> Opnav Buffer
// Star windows —>
Star Offsets
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5.1.4. Changes in SSI Commands

The 36IP command is being modified to include a READOUT DISABLE function and a
FLOOD/ERASE DISABLE utilizing two previously spare bits.

The 36IM command is being modified to include a CONTIGUOUS/SAMPLING READOUT
selection and an HGA/LGA MODE selection utilizing two previously spare bits.

Because of the use of the previously spare bits in the above commands, the Spacecraft
Expanded Block which has been used for SSI control (which also used two of the bits) is
being deleted. '

The opnav functions to read n lines and skip m lines will be accomplished using four new
commands (see 3-290 for details):

360NSV SKIP VARIABLE = 5A, CV], CV2
360NS1 SKIP ONE = 5B

360NRV READ VARIABLE = A4, CV1,CV2,CV3
360NR1 READ ONE = A5
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5.2. NIMS

5.2.1. NIMS Data Pickup

The NIMS RT pickup is 32 bytes per RT]I, and. the pickup is made whether or not NIMS RT
is selected. . The data are read from a dedicated location in NIMS memory.

For record modes, in addition to supplying 11.52 kb/s for existing modes MPW, HIM, HPW,

IMS8, AI8, and IM4, and for new mode HMA, NIMS also supplies 2.592 kb/s (plus 36 b/s
status) for LNR, and 6.168 kb/s for LPU.

5.2.2. NIMS Data Processing in CDS
5.2.2.1. NIMS Realtime

Each 32-byte RT pickup consists of a flag byte, a length byte specifying the number of valid
data bytes, and O to 30 data bytes followed by fill if needed, as illustrated below:

[ Flag | Length | Data / Fill |

The format of the flag byte is given below, with a 1-bit being active:

MSB LSB
Start End End Start Long
Cycle Cycle Packet Packet Cycle

The normal situation is that a telemetry packet will contain one to several instrument data
cycles. There is one mode, however, in which a cycle must be split into two packets, a
situation indicated by having the Long Cycle bit set.

CDS reads NIMS RT at 32 bytes per mf, and outputs at 10 b/s. The seeming discrepancy in
rates is handled by having CDS throw away most of the data, under the control of the length
byte and the bits in the flag byte. When CDS is processing NIMS RT it starts by waiting for a
Start Packet flag. It then starts looking for a Start Cycle flag, starting with the current 32-
byte block. When it sees one it starts assembling data for a telemetry packet, using the
number of bytes indicated in the length byte of the block. and it continues assembling data
until it sees an End Cycle flag. If the same block includes an End Packet flag, the packet is
sent off to the VCDU maker. Otherwise CDS waits for the next Start Cycle flag to repeat the
data assembly process.
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If the nominal 264-byte packet length is passed without an End Packet flag, and the Long
Cycle flag was not set, CDS will output a 265-byte packet--the only time a NIMS packet is
greater than 264 bytes. CDS will then wait for the End Packet flag before looking for the next
Start Packet flag, and will put the time field in the next packet, since the normal ground
algorithm for inserting time may not properly function.

If the Long Cycle flag is set at the start of a cycle, CDS will break up the next 528 data bytes
into two packets, ignoring other flag bits, and will then wait for the next Start Packet flag.

A new NIMS command is being added to tell the instrument how many grating cycles to skip
between those kept and how many cycles to put in a packet, so that it can properly set the bits
in the flag byte. The proper use of this command and the proper operation of NIMS s/w are
totally responsible for limiting NIMS to its 10 b/s RT allocation. CDS makes no checks.

When the appropriate RT mode is selected, and NIMS is not deselected from RT, CDS will
continue to process the RT data stream even if a REC mode is entered which contains NIMS
recorded data.

The time will be included in two situations: the first packet of a new rate and every 16%
packet. Note that the mf/2 in the TIME field is a normal minor frame count, but with the high-
order bit set if the data taking started in the second half of the minor frame, i.e., in RTI 5-9.

NIMS RT Data
Time | App Size | Seq# | (Time) Data | Data Data <265
inc. |[ID 1 2
1 7 9 7 32 8 8 8
NIMS1 ' R-R-R-mf/2
5.2.2.2. NIMS Record/Playback

The algorithm descriptions here are valid only for data recorded from the Phase 2 NIMS s/w, and
will not work to play back data recorded with the current s/w. Although the data rates are the
same and the fecord format names are the same, the meaning of the bits is different. This is a
potential problem, since according to current plans the JA/JOI data will be recorded with Phase 1
s/w and played back with Phase 2 s/w. Ways of handling the problem include additional
capabilities to the CDS NIMS handler, and loading the new NIMS instrument s/w before the

JA/JOI data are taken.

Each 96-byte NIMS data set starts with 11 bytes of header/housekeeping data, with format

given below.
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MSB l | l l i | LSB
Bytel HMF - Contents Length
Byte2 Hskpg Length Cycle Gain Mir.D M
Byte3 M M M M M M M M
Byted M M M M M M M M
Byte5 Half Minor Frame Count
Byte6 Housekeeping 1
Byte7 Housekeeping 2
Byte8 Housekeeping 3
Byte9 Housekeeping 4
Bytel0 Housekeeping 5
Bytell Housekeeping 6

In the table HMF is 1 for RTI 0 and 5 and is O otherwise, Contents Length is the sum of the
header length (2 or 5) plus the housekeeping (0-6) plus the data (0-85), Hskpg Length is the
number of valid housekeeping bytes in the packet, the Cycle flag is 1 at the start of a grating
cycle, Mir.D is set to O to indicate downward mirror movement, the M bits constitute the
detector mask, and the Half Minor Frame Count goes from O to 181 during each RIM. The
Cycle flag, Gain, Mir.D, M bits, and Half Minor Frame Count are valid only when HMF is 1.

The header /housekeeping block is followed by 0-85 data bytes.

CDS double buffers the 96-byte data sets as read from the instrument, packs the valid header,
housekeeping, and data bytes in an intermediate buffer (for rate averaging), and then sends the
data to the DMS at the steady rate appropriate for the record mode.

On playback, for each half minor frame of NIMS data CDS will build a table (possibly
sparsely-populated) of 20 mirror positions by 17 detectors, plus up to 30 bytes of
housekeeping data. In building the table CDS takes into account the different mirror position
offsets of the detectors--0 for detectors 1, 5, 9...; 1 for detectors 2, 6: ...; 2 for 3,7, ...; and 3
for 4, 8, ....

CDS then determines which data to compress in its A editor, which does a logical AND of the
detector map in the data header with one pointed to by the PB table, and using only the A’s
represented by a 1 bit.

In order to make the compression more efficient, CDS will perform dark
suppression/normalization by subtracting a detector-dependent value from each number in the
table, and will perform thresholding, which is simply replacing each table value with the
maximum of itself and the threshold value.

CDS then sends data to the Rice compressor, 10 Mirror Positions at a time, for each kept
detector. ’
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If the compressor does not perform as well as expected, CDS will throw out 4 mirror
positions from each end of the scan.

Since the Rice algorithm uses differences of successive values of each detector’s as one means
of compressing the data, the seed values will be returned once per RIM for robustness.

CDS will terminate the current packet and begin a new one (containing the time field) each
time the RIM count of the recorded data rolis over.

The packet consists of header information followed by one or more subpackets, each of which
has one of the two formats below:

MSB I J | | | | LSB

Bytel 0 . Lengthy;

Byte2 Length, L ~_Detector Mask;;

Byte3 Detector Mask .,

Byte4 Detector Mask, RTI Mask

Datal

Data...

Data,

where Length is the number of data bytes, Detector Mask has 1 bits tor those detectors
present in the data, and RTI Mask has 1 bits for those RTIs represented in the packet.

MSB 1 | 1 1 l ] LSB

Bytel 1 Zero Count

where Zero Count is the number of consecutive half-minor-frames without any data.

That is, each subpacket either contains the data from one half-minor-frame or elst tells how
many consecutive half-minor-frames there were with no data.

Subpackets are not split across packet boundaries unless the subpacket is longer than the
packet.

CDS sends the packet to the PB virtual channel to be made into VCDUs. The time will be
included in three situations: the first packet of each set of PB data and those packets which
start at a RIM rollover, and when the sequence number rolls over. Even when the full time is
not included, the mf/2 byte will be included.

CDS stores about 300 bytes of wavelength tables for the control of its PB editing.
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NIMS PB Data .
Time | AppID Size Seq # FmtID (Time) MF/2 Datal Data?2 ... | Data<511 N
inc.
1 7 9 7 4 20 8 8 8 ... 18
NIMS?2 2R-R-R mf/2 ‘
5.2.2.3. NIMS General

Six housekeeping measurements will be picked up from contiguous locations in NIMS
memory starting at 1592,,, and put into the 91-deck of the engineering telemetry. They are
S-1924, §-1925, S-1926, §-1927, S-1929, and S-1930.

NIMS Data Flow in CDS

RT TLM
Mode

: ®
os@:)~
/°o

J}/, / Trickie Buffer
3T 32 bytes/RT) ° &——> 528 byte > 2 packets

NIMS REC

96 byteg/RT! l Edt,
Rate Buffer ——> U—\'ﬁ——:_—_.)
\_, Compress |

L
/1/ \e’o
P

(/]
PB TLM Q
Mode PB
Table
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§.2.3. Changes in NIMS Commands
Four new command types defined:

37ETB--Edit Table Load. Load up to 125 bytes. Similar to 37DML
37RT--RealTime mode--specify map/spectrum mode, mirror position
37MB--Mirror position Block for REC modes.

37ETS--Edit Spectra

S/W loads (editing tables) will be needed for switching between RT and REC modes or
between different REC data rates.
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53. PPR

5.3.1. PPR Data Pickup

The LPW pickup for PPR is unchanged at 18 bytes per mf, collected in RTI 5 following a
prepare directive in RTI 4, and is also used for LNR and LPU.

The pickup for the PPR burst-to-tape mode BPT is identical to the current LPW plckup-—18
bytes per mf, collected in RTI 5 followmg a prepare directive in RTI 4.

5.3.2. PPR Data Processing in CDS
5.3.2.1. PPR Record/Playback

In all modes which include PPR data except BPT, CDS will pack 14 18-byte raw instrument
data sets into one downlink packet. The packet is sent to the PB virtual channel to be made
into VCDUs. The time will be included in two situations: the first packet of each set of
recorded data, and every 32 packet.

PPR Non-BPT PB Data

Time | AppID | Size | Seq# | (Time) Datal | Data2 | ... | Data 252
inc.
1 7 9 7 32 8 8 .. |8

PPR1 R-R-R-mf

5.3.2.2. PPR Burst to Tape (BPT)

For BPT, the PPR burst-to-tape mode, CDS collects both PPR and AACS data (scan platform
RA & Dec) each minor frame. It edits the data before putting it into the buffer by first deleting
repeat PPR packets (those with bit 24 set) and the AACS data associated with them, then
deleting byte two of the kept instrument data sets, and finally adding a 1-byte mf counter at
the beginning of the data set. CDS puts the instrument data and AACS data into about 12
Kbytes of the SSI buffer. When the buffer becomes almost full it is dumped to tape and then
starts refilling with no data being lost. The process is repeated as long as the record mode
remains BPT. Any data left in the buffer at the end of the BPT mode will be written to the
tape.

On playback CDS then packs 10 of the edited 22-byte instrument/AACS/time packets, adds
header information, and sends the packet to the PB virtual channel to be made into VCDUs,
The time will be included in two situations: the first packet of each burst of data, and each
time the sequence number rolls over.
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PPR Burst Data (BPT)
Time | App ID | Size | Seq# | (Time) Datal | Data2 | ... | Data 220
nc. , ,
1 7 9 7 24 8 8 .. |8
PPR2 R-R-R
PPR Data Flow in CDS
TM PB
Mod AACS:
=S Platform Table
RA, DEC 0:0
\S‘Q/o
s
: oﬁfla}Edit BKRoyle |~ /e o o52byte |—>
bV SSI buffer
18 bytes
PPR per '
o FEC — - P8 \ | 252 byte |
PB
Table

5.3.3. Changes in PPR Commands

None
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54. EUV

" 5.4.1. EUV Data Pickup

The EUV RT stream comes from periodic CDS readouts of the instrument’s internal 2184-
byte buffer. EUV (while it is powered on) is continually summing sensor data into the buffer.
CDS periadically reads out the buffer over a period not greater than a RIM, using 24 to 91
transactions. The readout sets occur at intervals of 2639 mf (29 RIMs) when EUV is at its
high rate of 10 b/s or 5369 mf (59 RIMs) at 5 b/s. The transactions take place in RTI 1. At the
end of the RIM in which the readout occurs CDS tells EUV to zero its buffer by issuing a
new 24CLR command.

The EUV REC data pickup remains unchanged from the current 12 bytes per mf in RTI 1.
The data are used in LPW whenever EUV is powered on rather than the HIC.

Both the RT and REC data streams are available whenever the instrument is on.

EUYV does not take part in RRCC.

5.4.2. EUV Processing in CDS
5.4.2.1. EUV Realtime

CDS processing for the EUV RT data is straightforward, since the data part of the packet is
one eighth of the 2184-byte buffer, which is read out as described above, and the only thing to
do is add the header information. The time of the start of the summation period is included in
the first packet of data from each buffer, and the time of the end of the summation is included
in the last packet from the buffer. The mf is not included in either time because the
summation always begins and ends on mf 0. The packets are formed into VCDU’s in the RT
virtual channel.

Whenever a 6TMCHG command including an RT mode is issued, even if it does not involve
switching the EUV RT allocation, CDS will wait for the end of the current RIM, read out the
buffer, wait for the last mf of the then-current RIM, issue the 24CLR command to tell EUV to
zero its buffer, and start a new summation period (possibly for a different rate) at the start of
the next RIM. :

RT deselect has a special meaning for EUV. When EUV is deselected from RT, CDS will
keep counting down to the next time when it would perform a readout but will not perform
the readout or issue the 24CLR command. It will perform those actions the next time the
clock counts down to zero and RT is selected. It also will not perform a readout at RT
telemetry mode changes and will not issue the clear command, but will reset the counter.
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CDS keeps track of whether its EUV buffer has been packetized since it was last filled. If it
has not been (because of insufficient downlink rate) at the time when it would otherwise be
overwritten with new data, CDS will act as if a deselect were active. That is, it will reset the
countdown timer but will not perform a readout or tell EUV to zero its internal buffer.

EUV RT Data
Time | AppID | Size | Seq# | (Time) | Datal | Data2 Data 273
inc.
1 7 9 7 24 8 8 8
EUV] R-R-R

5.4.2.2. EUV Record/Playback

No editing is performed on the EUV REC/PB data. The packet is simply standard header
information followed by 21 12-byte EUV LPW data sets unless fewer contiguous data sets are
available. The time will be included in two situations: the first packet of each set of PB data,
and every 16% packet. The packets are formed into VCDU’s in the PB virtual channel and the

format is:
EUV PB Data
Time | App ID | Size | Seq# | (Time) Datal | Data2 Data<252
inc.
1 7 9 7 32 8 8 8

EUV2 R-R-R-mf

5.4.2.3. EUV General

No EUV RRCC.

There is no commanding needed for switching between RT and REC modes.

There are three engineering channels (E-3429, E-3430, E-3431) which need to be downlinked
approximately every ten hours. All instrument housekeeping data are returned in the regular
packets.
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EUYV Data Flow in CDS

RT TLM
Mode

RT 2184 bytes / .
per 2639-5369 mf ’—@———) 8 packets
REC 12 bytes/mt PB 252 byte

A
I

EUV

PB
Table

5.4.3. Changes in EUV Commands
A new 1-byte 24CLR command with a unique address is being added to tell EUV to zero out
its buffer. The 24CLR command will supply a non-zero value to the unique address which will
tell EUV to zero the buffer.
Memory loads of 750-1000 bytes are required after power on, with the same timing
requirements as current memory loads. The loading will be done from the sequence, and not

from CDS memory.

Loading of a “fixed pattern noise table” of approximately 128 bytes may also be required.
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5.5. UVS

5.5.1. UVS Data Pickup -

The RT pickup for UVS is identical to the current LPW pickup--84 bytes per mf, collected in
RTI 3, independent of the UVS RT data allocation.

The LPW pickup for UVS is unchanged at 84 bytes per mf, collected in RTI 3, and the same
data are also used for LNR and LPU.

The RRCC pickup for UVS is identical to the current LPW pickup--84 bytes per mf, collected
in RTI 3.

The data stream which provides both the RT and REC data is always available whenever the
instrument is on.

5.5.2. UVS Data Processing in CDS
5.5.2.1. UVS Realtime

The UVS RT data cycle is 13 mf's, comprising 1092 8-bit measurements at 84 bytes per mf.

. CDS maintains a 16-bit summation buffer of 2184 bytes and sums the RT data into the buffer
(each 8-bit measurement into a unique 16-bit sum) for the period appropriate for the UVS RT
data allocation--2639 mf (29 RIMs) for 10 b/s, 5369 mf (59 RIMs) for 5 bfs, or 131040 mf
(1440 RIMS) for 0.2 b/s. '

At the end of the summation period CDS checks to see whether UVS is deselected from RT.
If it is, the clock is reset so that its next timeout is when it would have been without the
deselect and summing continues. If not, the summation is paused (at mf=0), the buffer is split
into 8 packets and sent to the the RT virtual channel to be made into VCDUs. The buffer is
zeroed and summation is resumed (at mf=0) one RIM after it was interrupted, with the
summation period based on the then-current UVS allocation. When the downlink rate is not
sufficient to handle the RT stream and the multi-use buffer is full at what would be a readout
time, CDS will reset the countdown clock and continue to sum the data rather than throwing
any away. In other words, a full multi-use buffer is treated like a deselect.

The first mf O after a 6TMCHG command with an RT field other than No Change will be
trcated like the end of a summation period, if UVS RT is selected, with the same test for
buffer full, and the same subsequent actions. This is so that there is a way to interrupt the 24-
hour summation when an observation needing higher temporal resolution is to begin. If UVS
RT is deselected, the 65TMCHG will be ignored and summation will continue.

No instrument commanding is needed when RT rates are changed.
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The time of the start of the summation is included in the first packet for each buffer, and the
time of the end of the summation is included in the last packet for the buffer. The mf is not
included in either time because the summation always begins and ends on mf 0.

.a

UVS RT Data
Time | App ID | Size | Seq# | (Time) | Datal | Data2 Data 273
inc.
1 7 9 7 24 8 8 8
UVS1 R-R-R

5.5.2.2. UVS Record/Playback

Each PB packet consists of three 84-byte instrument data sets (if that many with contiguous
times are available). The time will be included for the first packet of each set of PB data and
every 16% packet. The packets are formed into VCDU’s in the PB virtual channel and the
format is:

UVS PB Data
Time | AppID | Size | Seq# | (Time) Datal | Data2 Data<252
inc.
1 7 9 7 32 8 8 8
UVS2 R-R-R-mf

5.5.2.3. UVS RRCC

No editing is performed on the UVS RRCC data. The packet is simply standard header

" information followed by 5 to 18 84-byte UVS LPW packets (from the up to 12-second RRCC
period). The time will be included in each RRCC packet. The packets are formed into
VCDU’s in the RRCC virtual channel and the format is: |

UVS RRCC Data

Time | AppID | Size | Seq# | Time Datal | Data2 Datag252
inc.

1 7 9 7 32 8 8 8

1 UVS3 R-R-R-mf

CDS will flush the final VCDU of each RRCC instance with dummy data if necéssary.
5.5.2.4. UVS General

All instrument housekeeping data are returned in the regular packets. Temperature
measurement E1790 will continue to be returned in the 91 deck.

Rev -- Page 5-24 _‘ 4 November, 1993




Appendix to 625-205-GLL-3-310, Flight Software Requirements

uvSs

UVS Data Flow 1n CDS

@ (]
AN
Q~O.¢0
DMS
Control

3

RT TLM
Mode GV
o% &r
e,
)
<
Sum for 29, 59,
or 1440 RIMs
AT T 2184 byte
84 bytes/mf |

RRCC

| REC

e————> 8 packets

t 1512 byte

{—> <6 packets

5.5.3. Changes in UVS Commands

None.
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56. MAG

5.6.1. MAG Data Pickup

The MAG RT data pickup is six bytes (a 16-bit time-averaged field strength measurement for
each axis) picked up every mf, with CDS keeping only 1-of-n data sets, with the intervals
corresponding to RT allocations of 16 to 2 b/s, respectively. The pickup can be in RTI 1, 2,
7, or 8 and prepare directives are not used.

Rate 1 keep interval: 36 mf
Rate 2 keep interval: 18 mf
Rate 3 keep interval: 12 mf
Rate 4 keep interval: 9 mf
Rate 5 keep interval: 6 mf
Rate 6 keep interval: 4 mf

The REC LPW pickup for MAG remains unchanged at 20 bytes per m.{, with 10 being picked
up in RTI 5 and 10 in RTI 1. The data are always available, and are also used for LNR.

The MAG RRCC mode uses the same data pickup as LPW.

MAG supplies three packet types: RT, REC/PB, and RRCC, in addition to standard
instrument MRO.

5.6.2. MAG Data Processing in CDS
5.6.2.1. MAG Realtime

The processing for RT MAG data is a straightforward double buffering into 180-byte buffers,
packetization (adding header information), and forming into a VCDU in the RT virtual
channel. The Format ID field is used to indicate at which RT rate the data were taken. The
time will be included in two situations: the first packet of a new rate and every 16% packet.
The packet format is:

MAG RT Data

Time | AppID | Size | Seq# | FmtID (Time) Datal | Data2 | ... | Data 90

inc.

1 7 9 7 4 28 16 16 .. | 16
MAG! 14R-R-R-mf

When a 6TMCHG command with an RT field other than No Change is issued, CDS will wait
until the next scheduled RT pickup, send the two-byte filter setting appropriate for the

‘/
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(possibly new) MAG data allocation to MAG in the same mf in an RTI other than 3-6, and
schedule the next RT pickup at the (possibly. new) appropriate interval. If the MAG allocation
does actually change, CDS will also close out the current packet and begin a new one. If
MAG is deselected from the RT data stream, CDS will not issue the two filter setting bytes at
the 6TMCHG as described, so that MAG can use its special long-term averaging settings.

5.6.2.2. MAG Record/Playback

No editing is performed on the MAG REC/PB data. The packet is simply standard header
information followed by 12 20-byte MAG LPW data sets. The time will be included in two
situations: the first packet of each set of PB data and every 327 packet. The packets go into
the PB virtual channel and the format is:

MAG PB Data

Time | AppID | Size | Seq# | (Time) Datal | Data2 | ... | Data 120

inc.

1 7 9 7 32 16 16 .. 116
MAG2 R-R-R-mf

5.6.2.3. MAG RRCC

No editing is performed on the MAG RRCC data. The pre-compression and decompressed
packet is simply standard header information followed by 5-18 20-byte MAG LPW packets
(from the up to 12-second RRCC period). The time will be included in each RRCC packet.

The packets are formed into VCDU’s in the RRCC virtual channel and the format is:

MAG RRCC Data’ :
Time | AppID | Size | Seq# | Time Datal | Data2 | ... | Data<180
inc. :

1 7 9 7 32 16 16 .. | 16

1 MAG?3 ' R-R-R-mf

5.6.2.4. MAG General

Since both the RT and the REC data streams are available at all times, no commanding is needed
fro switching from one to the other.

MAG data can be deselected from either the RT or the PB data streams, and the normal usage
will be to continue using the RT data while LPW is being recorded.

Housekeeping data will be returned in recorded LPW and by MRO.

Three 2-byte sensor offsets will be added to the 91-deck of the fixed engineering telemetry.
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MAG Data Flow in CDS
GV
NS
e‘s.@ /9;
RT_6 bytes/4-36 mf /L 180 byte |——>
MAG
REC 20 bytes/mf 360 byte |—>
0/a2
Fe®
DMS
Control 240 byte >

5.6.3. Changes in MAG Commands

None.
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DDS

5.7.1. DDS Data Pickup

The DDS RT data pickup is simply a less-frequent version of the LPW DDS pickup, with two

bytes of data each 7 or 21 mf's. Like the current DDS REC data, pickup occurs in RTI 5

following a prepare directive in RTI 4. No commanding is required for switching between RT

rates or between RT and REC modes.

~ The LPW pickup for DDS is unchanged at 2 bytes per mf, collected in RTI 5 following a
prepare directive in RTI 4, and is also used for LNR.

The RRCC pickup for DDS is identical to the current LPW‘ pickup--2 bytes per mf, collected
in RTI 5 following a prepare directive in RTI 4.

5.7.2. DDS Data Processing in CDS

5.7.2.1. DDS Realtime

rate and every 8% packet.

The DDS RT data cycle is 637 or 1911 mf's (at pickup intervals of 7 or 21 mf's, respectively),
comprising 182 bytes of data. The raw packet has header data added and is sent the the RT

virtual channel to be made into a VCDU. The Format ID field is used to indicate at which RT
rate the data were taken. The time will be included in two situations: the first packet of a new

DDS RT Data
Time | App ID | Size | Seq# | FmtID (Time) Datal | Data2 ‘Data 182
inc. '
11 7 9 7 4 28 8 8 8
DDS1 1AR-R-R-mf

When a 6TMCHG command changes DDS’s RT rate, CDS will finish the current data cycle
(which also completes the packet) and then simply start sending the prepares and picking up

the data at the new rate.

5.7.2.2. DDS Record/Playback

No editing is performed on the DDS REC/PB data. The packet is simply standard header
information followed by 128 2-byte DDS LPW data sets. The time will be included in two

situations: the first packet of each set of PB data and every 8™ packet. The packets are formed
into VCDU’s in the PB virtual channel and the format 1s:
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DDS PB Data ‘
Time | App ID | Size | Seq# | (Time) ‘Datal | Data2 | ... | Data 256 »
inc.
1 7 9 7 32 8 8 .. | 8

DDS2 . R-R-R-mf

5.7.2.3. DDS RRCC

No editing is performed on the DDS RRCC data. The packet is simply standard header
information followed by 5 to 18 2-byte DDS LPW data sets (from the up to 12-second RRCC
period). The time will be included in each RRCC packet. The packets are formed into
VCDU’s in the RRCC virtual channel and the format is:

DDS RRCC Data

Time | App ID | Size | Seq # | Time Datal | Data2 | ... | Data<36
inc.

1 7 9 7 32 8 8 ... | 8

1 DDS3 R-R-R-mf

CDS will flush the final VCDU of each RRCC instance with dummy data.

5.7.2.4. DDS General
The commanding for switching between RT and REC modes is under sequence control, with a . .
bit in a global variable telling CDS whether DDS is deselected from a REC mode, in which

case the RT stream should continue to be processed.

DDS data can be independently deselected from the RT and PB streams.
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Gv

DDS Data Flow in CDS

fi/, a{ 182 byte }—>

—>

\

TLM
Mode
Stay
AT Z—> rRTTM| | av
Mode
Oe%'?)~
O\
RT 2 bytes/7-21
DDS RRCC
° 2 bytes/mf\ °
%
@ 5
e

DMS
Control

5.7.3. Changes in DDS Commands

t 36 byte

PB
Table

o |
A\

W/
eO
(/]
0

No new commands planned. Switching pickup interval (1,7, 21 mf's) is accomplished simply
by sending the prepare directive only when data are going to be read.
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5.8. PLS

5.8.1. PLS Data Pickup

The PLS RT pickup is a periodic reading of the instrument’s buffer (of approximately 225
bytes), with the read interval being a function of the PLS RT allocation: 5, 10, 15, 20, 30, or
40 b/s. The readout is two pickups of about 115 bytes each in consecutive mf’s in RTI 5,
following a prepare directive in RTI 4. The prepare and pickup look like an MRO to PLS (the
nonstandard RTIs don’t matter), while to CDS it is a non-MRO pickup.

The REC LPW data pickup from PLS remains unchanged at 51 bytes per mf, collected in RTI
3 following a prepare command in RTI 2, and is also used for LNR. The pickup and its
prepare are done continuously, even when PLS is not in the record mode.

The RRCC data pickup from PLS is identical to the LPW pickup at 51 bytes per mf, collected
in RTI 3 following a prepare command in RTI 2.

5.8.2. PLS Data Processing in CDS

5.8.2.1. PLS Realtime '

The only processing CDS does to PLS RT data is putting one instrument packet of up to 225
bytes (with the exact length being a function of the instrument mode) together with the
standard header information and sending the packet to the RT virtual channel. The Format ID
field is used to indicate at which RT rate the data were taken. The time will be included in two
situations: the first packet of a new rate and every 16% packet.

PLS RT Data
Time | AppID | Size | Seq# | FmtID (Time) Datal | Data2 | ... | Datag225
inc.
1 7 9 7 4 28 8 8 .. | 8
| PLS1 4R-R-R-mf

When a 6TMCHG command changes PLS’s RT rate, CDS will complete the current
countdown/readout cycle (filling a packet in the process) and then issue the cmd to PLS for
the new rate and will immediately start picking up data at the new rate.
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5.8.2.2. PLS Record/Playback

CDS packs together 5 51-byte PLS PB instrument packets, adds header information, and
sends the packet to the PB virtual channel to be made into VCDUSs. The time will be included
in two situations: the first packet of each set of PB data and every 16% packet.

PLS PB Data
Time | AppID | Size | Seq# | (Time) Datal | Data2 | ... | Data 255
inc.
1 7 9 7 32 8 8 .. |8
PLS2 R-R-R-mf

5.8.2.3. . PLS RRCC

No editing is performed on the PLS RRCC data. The packet is simply standard header
information followed by up to 5 51-byte PLS LPW data sets . There are up to 4 packets per
RRCC instance, with the time being included in the first RRCC packet of each RRCC
occurence and whenever the sequence number rolls over. The packets are formed into
VCDU’s in the RRCC virtual channel and the format is:

PLS RRCC Data
Time | App ID | Size | Seq# | Time Datal | Data2 | ... | Datag255
nc. : :
1 7 9 7 32 8 8 .. |8
PLS3 R-R-R-mf

CDS will flush the final VCDU of each RRCC instance with dummy data.
5.8.2.4. PLS General

Commanding (in general from the stored sequence in association with 6TMCHG or possibly a
realtime command) is required for switching between RT rates or between RT and REC
modes, with a memory load of ~800 bytes needed for the latter switch. The switching process
involves disabling certain ongoing instrument processes, loading the PLS code memory,
updating the links to point to the newly loaded code, and reenabling the stopped processes.
CDS will store sets of 32IDM memory load commands (<255 bytes per set) which the
sequence will load into PLS memory using 6MCPY commands. The disable, load, and enabie
sets of commands will be in separate mf’s so that PLS can act on them before the next set is
loaded.
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The commanding and memory loading for switching between RT and REC modes is under
sequence control, with a bit in a global variable telling CDS whether PLS is deselected from a
REC mode, in which case the RT stream should continue to be processed. PLS data can also
be deselected from the RT stream. -

All housekeeping data come from the REC/PB data unless there is an instrument anomaly, in

which case MRO’s will be used.

PLS Data Flow in CDS

TLM
Mode

Gv | Stay
[ RT Z—

RT

PLS

51 bytes/mf

~225 bytes /:
per 45-360 sec

DMS
Control

t 918 byte }—> 1-4 packets

e

5.8.3. Changes in PLS Commands

New functjohality will be implemented by defining pseudonyms of the existing 32IDM
command for the memory loads used for switching between RTS and LPW modes, and

between different RTS rates.
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‘ 5.9. PWS High-Rate

5.9.1. PWS High-Rate Data Pickup

There are no RT PWS high-rate- modes, although dual-use modes MPW, MPP, and HPW are
being kept as REC modes, and PWS data will be used as filler data whenever the downlink
rate exceeds the RT rate and PB data are not available or frames of fill data are being used for
DSN lockup.

Existing REC modes: PWS supplies data at 2.592 kb/s for LPW, 7.68 kb/s for MPW, 19.2
kb/s for MPP, and 94.56 kb/s for HPW.

5.9.2. PWS High-Rate Data Processing in CDS
5.9.2.1. PWS Fill Data

PWS fill data is taken from the PWS LPW buffer . The data portion of the packet is in the
same format as the LPW data but is 4 bytes longer. CDS assembles the fill data from the most
recently commanded instrument mode. The PWS fill packets are turned into VCDUs in the
RT virtual channel. The time will be included in all packets. CDS will always have 2 VCDUs
~ of fill data available for use either to fill in when normal downlink is enabled but no other data
' .are available, or to be sent in “dummy” telemetry frames used to allow a DSN station without
an FSR to lockup on the signal initially or after a phase/frequency shift.

PWS Fill Data

Time | AppID | Size | Seq# | Time | Datal | Data2 | ... | Data 436
inc.

1 7 9 7 32 8 8 .. |8

1 PWHI R-R-R-mf

5.9.2.2. PWS High-Rate Record/Playback

CDS processing of PWS high-rate PB data is a 1-of-n-line editor (which merely skips n-1
RTIs of data after each RTI read for modes other than LPW, for which a line of 432 bytes is
the data from two consecutive mf’s, starting with an even-numbered one). The value of n can
range from 1 to 16. The packets are sent to the PB virtual channel to be made into VCDUs.
The Format ID field is used to indicate at which rate the data were taken and the value of n.
The time will be included in two situations: the first packet of each set of PB data and every
32nd packet.
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REC Mode | PWS Bytes per Frame | Frames per Packet
LPW 216 1 '

MPW 64 14

MPP 160 2

HPW 788 : V2

PWS High-rate PB Data

Time | AppID | Size | Seq# | FmtID (Time) | Datal | Data2 | ... | Data<394
inc.
1 7 9 7 8 32 8 8 .. |8
PWH2 R-R-R-mf
5.9.2.3. PWS Golay Replacement Data

CDS processing of the PWS high-rate used to replace the Golay code (making the old LRS
into the new LPW) also uses the 1-of-n-line editor and deselect processes as explained above.
The Format ID field uses its high--order bit to tell which half-line the packet represents, with
the low nybble giving the n value used in editing. The packets are sent to the PB virtual
channel to be made into VCDUs. The time will be included in two situations: the first packet
of each set of PB data and every 16t packet.

PWS LPW Golay Replacement Data

Time | AppID | Size | Seq# | FmtID (Time) Datal | Data2 | ... | Data <216
inc.
1 7 9 7 8 32 8 8 ... | 8
PWH3 R-R-R-mf
5.9.2.4. PWS Golay Replacement RRCC

Each packet contains data from one mf of LPW data. Time is included in the first packet of
each RRCC instance, as well as whenever the sequence number rolls over.

PWS LPW Golay Replacement RRCC Data

Time | AppID | Size | Seq# | FmtID (Time) Datal | Data2 | ... | Data 216

inc.

1 7 ‘19 7 8 32 8 8 .. | 8
PWH4 R-R-R-mf

CDS will flush the final VCDU of each RRCC instance with dummy data.
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PWS High-rate Data Flow in CDS

—

Downlink /\/ \

Fill Data —

PB Table

Rev --

Need E \!\
e -
> O‘ Edit 1-of-n P—>
PWS 2.592,7.68, [ REC ; ‘
High- 19.2, 94.56
gh-rate | - 216 bytes o RRCC o— 3888 byte |—> <8 packets
permt  \\ g \
b1 I}
£
gl Q‘ooeoo
3| <
o p
2
DMS LGv :
Control O‘ PB \:_.; 216 byte —>

Table
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5.10. PWS Low-Rate

5.10.1. PWS Low--Rate Data Pickup

The RT pickup for PWS Jow-rate data is identical to the current LPW pickup, at 20 bytes per
mf in RTI 1 with no prepare command used. )

The REC LPW pickup for PWS low-rate data is identical to the current LRS pickup, at 20
bytes per mf in RTI 1 with no prepare command, ans is also used for LNR.

The RRCC pickup for PWS low-rate data is identical to the current LPW pickup, at 20 bytes
per mf in RTI 1 with no prepare command used.

5.10.2. PWS Low-Rate Data Processing in CDS
5.10.2.1. PWS Low-Rate Realtime

The RT PWS data are edited, rearranged, and sent through an 8x8 ICT compression in AACS
at one of 6 commandable target compression ratios, giving effective post-compression data
rates of 5, 10, 15, 20, 30, and 40 b/s. Details elsewhere. The time will be included in two
situations: the first packet of a new rate and every 32™ packet. The PWS packets are turned

. into VCDUs in the RT virtual channel.

Over 28 mf’s CDS builds up one line of 152 measurements. When 8 lines have been built up,
creating a compression frame of 1216 bytes, the ICT is started.

The level of compression achieved depends on both the data being compressed and the Q
factor fed into the ICT algorithm. The high degree of data sensitivity means that if a Q factor
is chosen which guarantees a bit rate not greater than the allocation, much of the time the bit
rate will be far below the allocation, resulting in less useful data. To avoid this undesirable
situation the compression is dynamic.That is, the Q factor is adjusted one step up or down
based on the compression performance. Each data rate has a fixed predefined range around it
in which the compression is considered acceptable. Compression results outside this range will
result in the Q factor being changed for a fixed number of compression frames covering a time
interval of 5 to 30 RIMs.

The data from the ICT consists of a strip of 152 8x8 blocks. Each block of data consists of
Huffman codes from the 8x8 region followed by a 1-bit flag which is set to 1 if the attempted
compression resulted in expansion. In the case of expansion, the data returned are truncated at
64 bytes,. The data from the compression blocks within each strip are packed into bytes with
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no gaps, but with up to 7 bits of zero fill after the last block in the strip. The data field can be
split across packet boundaries, but the sync code can not. :

There is a global variable bit which tells the ICT handler whether or not to use the
compression rate specified by the RT part of the telemetry mode. If the bit is set, the Q factor
which determines the target level of compression comes from the 5 b/s mode, rather than from
the commanded RT mode. When the PWS RT data allocation changes, CDS will finish the
current packet before switching to the new Q factor, if the global variable indicates that the
RT telemetry mode determines Q.

The Format ID field is used to indicate which Q value was used to compress the data.

PWS Low-rate RT Data

Time | AppID | Size | Seq# | FmtID (Time) Datal | Data2 Data<256
1nc. ‘
1 7 9 7 4 28 8 8 8

PWL1 VaR-R-R-mf

5.10.2.2. PWS Low-Rate Record/Playback

The CDS performs no processing on PB PWS low-rate data except blocking 12 20-byte
instrument packets together, adding the standard header information, and sending to the PB
virtual channel to be made into VCDUs. The time will be included in two situations: the first
packet of each set of PB data and every 32" packet. This data stream contains all the
housekeeping data needed by the PWS team.

PWS Low-rate PB Data

Time | AppID | Size | Seq# | (Time) Datal | Data2 Data<240
inc.
1 7 9 7 32 8 8 8

PWL2 R-R-R-mf

5.10.2.3. PWS Low-Rate RRCC

No editing is performed on the PWS RRCC data. The packet is simply standard header
information followed by 5 to 18 20-byte PWS LPW packets (from the up to 12-second RRCC
period). The time will be included in each RRCC packet. The packets are formed into
VCDU’s in the RRCC virtual channe] and the format is:
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PWS RRCC Data
Time | App ID | Size | Seq # | (Time) Datal | Data2 Data<360
inc. '
1 7 9 7 32 8 8 8
PWL3 R-R-R-mf )

CDS will flush the final VCDU of each RRCC instance with dummy data.

5.10.2.4. PWS Low-Rate General

PWS data can be independently deselected from the RT and PB data streams. Normal
instrument usage will be to keep processing the RT data even when LPW is being recorded.

PWS Low-rate Data Flow in CDS

RT TLM PN Ql cTin
Mode ﬁ AACS
GV Gv
o% &r Buffer,
S, rearrange
IQC‘f A g
\
BT _20 bytes/mf A
256byte [ >
PWS
OW-T.
Low-rate _BE.C_ZQ_IMQSH. RRCC l BObyte |
® \ |
o)
& S
() 9
A OAF
00’00 Qg\ 60
DMS L av , .
Control > O— PB \ I 240 byte
()
<>°90
PB
Table
c
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5.11. EPD

5.11.1. EPD Data Pickup -

EPD supplies 145 bytes of RT rate data each mf. CDS will read the data in two transactions in
RTI 3.

EPD supplies < 127 bytes of PHA and housekeeping data on command from CDS at intervals
ranging from 6 to 72 S/C spins, read in RTI 3.

The REC LPW data pickup from EPD remains unchanged at 76 bytes per mf, collected in RTI
5 with no prepare command, and is also used for LNR.

The RRCC data pickup from EPD is identical to the LPW pickup at 76 bytes per mf, collected
in RTI 5 with no prepare command.

5.11.2. EPD Processing in CDS
5.11.2.1. EPD Realtime

. The processing for EPD RT data is involved. The 145-byte data sets consist of a 1-byte rate
channe] header followed by 48 24-bit measurements. Many of the 145-byte data sets will
contain repeats of data which have already been processed and will be ignored by CDS. They
are marked by having the MSB of the header set to zero. The header format is given below:

MSB LSB
foldmew [sP1 fsp2 [ | (M1 [m2 [m3 |

where SP1-SP2 give the spin quadrant and M1-M3 give the motor position.

Each of the 48 measurements in the non-repeat data sets will be summed into 32-bit “bins,”
based on a moderately complicated algorithm. The six different EPD RT data allocations
specify both the summation period and which of the two Channel Maps to use. The channel
maps assign each of the 48 channels to the High-resolution, the Low-resolution, or the Omni-
resolution category. Finally, the resolution category specifies how the spin quadrant and
motor position are used to determine the binning. For example, channels which are Omni have
only two bins, and the others have 7 and 15. ' '

The summation is for a science record of 1 to 6 data cycles, each of which is 7 S/C revolutions
(one revolution at each motor position). The number of spins comprising a science record is
determined by the RT data allocation. CDS is aided in counting spins by a TBD flag in the

~N EPD data, probably in the rate data header byte, indicating the start (or the end, whichever
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works better) of a spin. When the summation is completed, the bins are log-compressed and ‘
packetized.

At the end of each science record, CDS sends a TBD command to EPD requesting a set of
TBD (up to 127) bytes of PHA and housekeeping data.

The Format ID field is used to indicate at which RT rate the data were taken. The time will be
included in two situations: the first packet of a new rate and every 16% packet.

EPD RT Data
Time | AppID | Size | Seq# | FmtID (Time) Data | Data2 | ... | Datag256
inc. 1
1 7 9 7 4 28 8 8 .. |8
EPDI %R-R-R-mf

5.11.2.2. EPD Record/Playback

CDS packs together 3 76-byte EPD PB instrument packets, adds header information, and
sends the packet to the PB virtual channel to be made into VCDUs. The time will be included
in two situations: the first packet of each set of PB data and every 16t packet.

EPD PB Data
Time | AppID | Size | Seq# | (Time) | Datal | Data2 | ... | Data 228 .
inc.
1 |7 K 32 8 8 ME
EPD2 R-R-R-mf

5.11.2.3. EPD RRCC

No editing is performed on the EPD RRCC data. The packet is simply standard header
information followed by up to 3 76-byte EPD LPW packets (from the up to 12-second RRCC
period). The time will be included in each RRCC packet. The packets are formed into
VCDU'’s in the RRCC virtual channel and the format is:

EPD RRCC Data
Time | AppID | Size } Seq# | Time Datal | Data2 | ... | Datag228
inc. :
1 7 9 7 32 8 8 .. | 8
EPD3 R-R-R-mf

CDS will flush the final VCDU of each RRCC instance with dummy data.
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5.11.2.4. EPD General

The commanding for switching between RT and REC modes (about 39 bytes of pointers),
including the instrument s/w load, is under sequence control, with a bit in a global variable
telling CDS whether EPD is deselected from a REC mode, in which case the RT stream
should continue to be processed. When a 6TMCHG command changes EPD’s RT rate, CDS
will finish the current science record, and then switch the summation period to the one
appropriate for the new rate.

CDS delivers sector data to EPD so that the instrument can de-spin its data.

EPD Data Flow 1n CDS

TLM
Mode
RT TLM
Stay Mode
A G 2 Gv
o Log compress
N2 O% S 32->9 bits
BN %
6-72 s/c sping
- RT 145 bytes/mf /‘ 2x1804 byt
7 binnedZ
EPD
o 76 bytes/mf\ . RRCC \: 228 byte
6-72 s/c spins ‘
%8
. o“
fu— Control > (22— e—> 228byte >
Mode : \
%
‘ PB
<127 bytes PHA, housekeseping Table o

5.11.3. Changes in EPD Commands

A new command is being added for CDS to tell EPD to prepare the block of PHA and
housekeeping data.

Sets of pointers will have to be loaded to switch between RT and REC modes (~39 bytes).
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5.12. HIC

5.12.1. HIC Data Pickup
The pickup for the HIC RT mode is identical to the LPW pickup--only the CDS processing is
different. Commanding (in general from the stored sequence in association with 6TMCHG or
possibly a realtime command) is required for switching between RT rates or between RT and
REC modes.

The HIC REC LPW data pick up remains unchanged from the current 12 bytes per mf in RTI
1, and is used whenever HIC is powered on rather than EUV.

The HIC RRCC mode uses the same data pickup as LPW.

5.12.2. HIC Data Processing in CDS
5.12.2.1. HIC Realtime

The format of the HIC RT packet is shown below, with all data being in 12-bit trinybbles.

Ist Rate Ist Tag | IstPHA | 1stCRC | 2nd 2nd Tag | 2nd PHA | 2nd CRC | 3rd Rate | Status | 3rd Tag | 3rd PHA | 3rd CRC

Area Word Area Word Rate Word Area Word Area Word | Word Area Word .
Area

36 12 36 12 36 12 36 12 24 12 12 36 12

The 8 rate channel measurements are decompressed, summed, and recompressed. PHA areas
which are all zero are deleted, along with their associated tag words. A complete set of the
subcommutated status word is saved for downlink about once per hour. The CRC words are
thrown away.

The packetizer uses the Format ID to differentiate among the rate data, PHA data, and status
data, as well as to indicate the RT rate at which the data were taken.

Each type of raw packet has header data added and is sent the the RT virtual channel to be
made into a VCDU. The time will be included in two situations: the first packet of a new rate
and every 4% packet.

HIC RT Data
Time | AppID | Size | Seq# | FmtID (Time) Datal | Data | ... | Data~252
inc. 2
1 7 9 7 4 28 8 8 .. | 8
HIC1 %R-R-R-mf

-
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5.12.2.2. HIC Record/Playback

- HIC PB Data

Time | AppID | Size | Seq# | (Time) Data | Data2 Data 240

inc. i

1 7 9 7 32 8 8 8
HIC2 R-R-R-mf

5.12.2.3. HIC RRCC

HIC RRCC Data

Time | AppID | Size | Seq# | FmtID (Time) Datal | Data2 Data TBD

inc. ‘

1 7 9 7 4 28 8 8 8
HIC3 5R-R-R-mf

CDS will flush the final VCDU of each RRCC instance with dummy data.

5.12.2.4. HIC General

The commanding for switching between RT and REC modes is under sequence control, with a
bit in a global variable telling CDS whether HIC is deselected from a REC mode, in which

case the RT stream should continue to be processed. When a 6TMCHG command changes

HIC’s RT rate, CDS will finish processing the current instrument data cycle, issue the cmd to

HIC for the new rate and will immediately start picking up data at the new rate.

Rev --

Page 5-45

4 November, 1993




Appendix to 625-205-GLL-3-310, Flight Software Requirements

HIC Data Flow in CDS

RT TLM
Mode

— AT /: ﬁ>[ b3 >
12 bytes/mf l

HIC | RRCC l
@ *— <216 byte +—>
\‘ \
4 @ O L
Q"gx\"’o Q?Ogeo"
DMS GV .
Control s Q_ PB \ l 240 byte | —>
00
PB
Table
5.12.3. Changes in HIC Commands
None.

N
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@

5.13.

AACS

All AACS packets, RT, PB, and RRCC, include six measurements: scan platform RA, DEC,
and TWIST, and rotor RA, DEC, and TWIST.

The RT packet also includes spin rate, giving 14 bytes per measurement set.

AACS RT data are sampled the first mf of every fifth RIM. Time is included every 32

packet.
5.13.1. AACS Realtime
AACS RT
Time | AppID | Size | Seq# | (Time) | Datal | Data2 Data 252
inc.
1 7 9 7 24 8 8 8

AACS1 R-R-R
5.13.2. AACS Record/Playback
‘ Since there is no AACS PB editor, the recorded AACS data are returned from all mf's unless

deselected. The PB and RRCC packets include, in addition to the 6 measurements listed
above, a two-byte time tag (R-mf) as thr first two bytes of each measurement set, giving 14
bytes per measurement set. The time field is included every packet.

AACS PB
Time | AppID | Size | Seq# | (Time) Datal | Data2 Data 252
inc.

1 7 9 7 24 18 8 8

AACS2 R-R-R

5.13.3. AACS RRCC
AACS RRCC
Time | App ID | Size | Seq# (| Time Datal | Data2 Data<252
inc.

1 7 9 7 24 8 8 8

1 AACS3 R-R-R
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5.14. Engineering

5.14.1. Engineering Realtime

The CDS processing of engineering data consists of stripping the 12-byte header from the raw
packet, and packing together 4 of the resulting 88-byte data sets (87 data bytes and one
spare), each of which is preceded by an Engineering Format Identifier byte specified below:

EFI:
MSB

LSB

{R2  [RI [MRO |CMI2 |CMIl | MSN3 | MSN2 | MSN1 |

where the RT rate is given by:

R2 [ R1 | Rate, b/s
0 0 2

0 1 10

1 0 40

1 1 1200

and MRO, if set to 1, indicates that the packet includes 32 bytes of MRO data. The two CMI
bits are the Commutation Map Identifier, and the three MSN bits are the Map Sequence

Number

Time is included every nt packet, where n is given below:

RT Eng. Rate, b/s n
2 4
10 8
40 32
RT Engineering ,
Time | AppID | Size | Seq # | (Time) Datal | Data2 Data 356
inc. _.
1 7 9 7 32 8 8 8
ENG1 R-R-R-mf
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The only processing done to the engineering data on playback is stripping the 12-byte header
and packing 4 of the 88-byte data sets together with their respective EFI bytes as defined
above. Time is included in each packet.

Engineering PB
Time | AppID | Size | Seq# | Time Datal | Data2 Data 356
inc. ‘
1 7 9 7 32 8 8 8
1 ENG2 R-R-R-mf
)
g
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‘ 3. Telemetry, 3-280

This document establishes the downlink telemetry and data formats for the Galileo Phase II mission.
Included are the changes from the baseline mission requirements (deletions and modifications) and the
new requirements to support the Phase II mission design.

This document, in conjunction with the following documents constitute the spacecraft Level I1]
requirements for Phase II :

3-100: Spacecraft Requirements

3-270: Data System Intercommunications Requirements
3-290: Command Structure and Assignments

3-300: Telecommunications

3-310: Flight Software Requirements

‘ 3.1. Overview

The addition of packetized telemetry drives many modifications to the system. The underlying data
sampling structure remains intact, but the data formatting and packaging is extensively modified.
Data rates that are unsupportable are deleted and additional downlink rates are added. Additional
sample rates for engineering data are added and additional record rates are added for special record
formats. However, for System Fault Protection and anomaly resolution, engineering TDM modes are
retained.

3.2. Downlink Rates

Rate refers to the CDS bit rate prior to software convolutional code (11,1/2) and hardware
convolutional code (7,1/2) being applied. Downlink symbol rate is 4 times greater.

3.2.1. Deleted Rates
Reqt. A: Delete the 8 and 16 bps engineering TDM rates.
Comment: The 8 and 16 bit TDM rates were added to support the Phase I mission. For the Phase Il
mission, TDM modes will be used for anomaly investigation, System Fault Protection and

ground testing. For these uses, the 10 bps, 40 bps and 1200 bps (ground only) modes are
sufficient.
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3.2.2.

Reqt. A: Provide 90 new packetized telemetry modes as shown in Table 3.2.2.1.

New Telemetry Modes/Retained TDM Rates

Comment: A telemetry mode is defined-as a set of raw data collection rates from the RTS

instruments, their associated editing algorithms, the RTE collection rate, and total downlink
telemetry rate. RTS instrument and RTE data can be independently deselected, lowering the
data collection rates shown (see 3.7.2.3.1 and 3.7.2.4.1).

Reqt. B: Downlink telemetry rates will be 0, 8, 20, 32, 40, 60, 80, 120 and 160 bps.

Reqt. C: Provide for the retention and selection of the 10 and 40 bps engineering Time Division

Multiplexed (TDM) telemetry modes.

RTE | RTS Collection Rate* DOWNLINK TELEMETRY RATE (bps)

bps | format w/HIC w/EUV 0 8 20 32 40 60 80 120 | 160
2 A 25.0 AL1 | AL2 | AL3 | AL4 | AL5 | AL6 | AL7 | ALS
2 B 26.1 BLO BL2 § BL3 | BL4 | BL5S { BL6 | BL7
2 C 37.9 379 CL1 [ CL2 | CL3 J CL4 | CL5 | CL6 | CL7 | CLS
2 D 40.2 49.5 DL2 | DL3 | DL4 § DL5 | DL6 | DL7
2 E 71.6 80.9 ELO | EL1 | EL2 | EL3 | EL4 | ELS § EL6 | EL7 | ELS
2 F 79.8 FL1 | FL2 | FL3 | FL4 | FL5 § FL6 | FL7 | FL8
2 G 108.9 108.9 GL2 | GL3 | GL4 | GL5 | GL6 § GL7 | GL8
2 H 139.1 HL2 HL4 | HL5 | HL6 | HL7 § HL8
2 1 178.7 IL3 IL5 | IL6 | IL7 | IL8
10 A 332 AH1 | AH2 | AH3 § AH4 | AH5 | AH6 | AH7 | AHS
10 B 344 BHO , .
10 C 46.2 46.2 CH! | CH2 | CH3 | CH4 J CHS | CH6 | CH7 | CHS8
10 D 48.5 57.8

10 E 79.9 89.2 EH2 | EH3 | EH4 | EHS | EH6 § EH7 | EH8
10 F 88.1

10 G 117.1 117.1

10 H 147.4

10 1 187.0

40 B 65.5 BA4 BA6

* Collection Rate is effective rate after R/S encoding plus packet overhead
Modes below heavy line (within RTE rate) fill buffer, modes above line' empty buffer.

Deselecting engineering or RTS instruments will lower collection rate and shift lines.
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. 3.3. Downlink Frame

Reqt. A: The downlink telemetry frame will be composed of a 2040 byte data section with an 8 byte
header (sync word). The data section will be composed of four (4) Reed-Solomon encoded
Virtual Channel Data Units (VCDUs) as described in section 3.5. The general structure of the
telemetry frame is illustrated in Figure 3.3.1.

Comment: Two bytes will remain unassigned in the frame. They will be filled with fixed pattern
data and will appear as the first two bytes of the data field at the beginning of the frame .

PN/SYNC FOUR VCDUs
WORD :
8 BYTES ‘ REED-SOLOMON ENCODED DATA FIELD (2046 BYTES)

- Figure 3.3.1 - Telemetry Frame Structure

3.4. Telemetry Coding

. Coding is applied to the downlink telemetry to decrease the Bit Error Rate (BER) and increase link
margin at a given data transmission rate. Interleaving of the data is used to decrease susceptibility to
burst noise and Reed Solomon encoding will be used to provide an inner code for Error Detection
And Correction (EDAC).

34.1. Reed Solomon Coding

Reqt. A: The data section of the downlink telemetry frame, consisting of four VCDUs, will be Reed
Solomon encoded.

Reqt. B: The Reed Solomon parity symbols will be interleaved to a depth of eight.

Reqt. C: The downlink telemetry frame will be comprised of eight code words having a variable
redundancy to level four. The level 4 code words are: (255, 161), (255, 195), (255, 225),

(255,245).

Comment: Figure 3.4.1.1 and Appendix B presents the data fill and ordering for the R/S encoding
and Convolutional coding.
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€ - 8 BYTES P l
: SYNC CODE /3 BYTE‘S) ]
[ SPARE SPARE 0 BTIET 1
vobu
BYTE 446
BYTE ! A BYTES
VCDU 2
BYTE 446 BYTE! BYTE2 ENCODED
REGION
VvCDU 3
BYTE 317,
BYTE 446 BYTE ! BYTE4
BYTE IS}

DATA NOTE: FILL AND DOWNLINK ARE
- REED-SOLOMON PARITY BYTES IN ROWWISE FASHION ’

Figure 3.4.1.1 - Reed-Solomon Encoded Words

3.4.2. Convolutional Coding ‘

Convolutional coding is the outer Error Detection And Correction (EDAC) code applied to the
downlink data. The Convolutional code is applied in two steps: the CDS applies a (11,1/2) code
(which is implemented in software) to the data prior to the data being forwarded to the MDS, which
applies a (7,1/2) convolutional code, which is implemented in hardware The net effect of the two
coding steps is a resulting (14,1/4) convolutional code.

3.4.2.1. Software Convolutional Code
Reqt. A: The CDS will be able to encode the transport frame with a (11,1/2) convolutional code
implemented in software prior to making it available to the Modulator/Demodulator

Subsystem (MDS).

Commént: Since the data are sent to a (7,1/2) hardware convolutional encoder in the MDS, this
results in a combined (14,1/4) code.
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3.4.3 Golay Coding

Golay coding is an Error Detection And Correction (EDAC) code applied to certain data types to
meet tighter Bit Error Rate (BER) requirements. For Phase 11, Golay coding is not required and the
- requirement is eliminated, freeing bits in the downlink data stream.

Reqt. A: All requirement for Golay Coding is deleted.

3.5. Virtual Channel Data Unit (VCDU) Format

The VCDU is a fixed length data unit which is a collection of variable length packets. The VCDU is
used to package the variable length packets into a data package that can be forwarded for encoding and
inclusion in a telemetry frame. In addition, the VCDU provides a method to reduce the onboard latency
for priority Engineering and OPNAV data and provides a means to 1dent1fy data sets that may need

special handling on the ground.

Regt. A: Virtual Channel Data Units (VCDUs) shall be formed from one or more variable length
packets as shown in Figure 3.5.1. The VCDU will have a 32 bit header with 3 bits for VCDU ID,
20 bits for sequence number and 9 bits for a pointer to the first byte of the first full packet. There
are seven different VCDU types (plus one spare). Allowable VCDU IDs are listed in Table 3.5.1.

Reqt. B: The first packet pointer refers to the location of the first byte of the first packet header in the
VCDU referenced from the start of the data area. If the VCDU contains only one packet that is
also a remnant from the prior VCDU (i.e. there is no start of first packet in the VCDU) the first

packet pointer will be set to 1FFh.

Reqt. C: Each VCDU, with the exception of the BDT VCDUs (VCDU IDs 101, 110 and 111), will
have a separate sequence counter.

vCDU| SEQ | FIRST |REMNANT|  FIRST FULL PARTIAL
ID | NO | PKT {OFPRIOR | FyLL PACKET(S) | PACKET
PTR | PACKET | ppckET
- FROM
INSTR

@ @ |1 ®
VCDU HDR (4 bytes) | VCDU CONTENTS (442 BYTES)

Figure 3.5.1 - General VCDU Structure
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VCDUID : VCDU TYPE ‘
000 Priority Data (Engineering and OPNAV)
001 Real Time Science (RTS)
010 Playback Data ( Recorded and/or Burst To Tape)
011 Record Rate Change Coverage (RRCC) Data
100 Spare
101 Buffer Dump to Tape: Real Time Science (RTS)
110 Buffer Dump to Tape: Playback Data and/or Burst to Tape
111 Buffer Dump To Tape: Record Rate Change Coverage (RRCC)Data

_ Table 3.5.1 - VCDU ID Values

3.6. Packet Telemetry Definition

The packet is the basic data unit for packetized telemetry. Each data source will have one or more
packet types which uniquely identify the data source and the algorithms used to process that data.
The packets are of variable length, however once a packet definition has been set, the data unit is
fixed (except for variability due to data compression).

3.6.1. General Requirements | .

Reqt. A: All telemetry data will contain identifiers such that the GDS can identify and process the
data without requiring predicts. EXCEPTION: SSI, NIMS and PWS data recovery will require
predicts to process the data. ”

Comment: This requirement dictates that the basic packet provide indicators of the data source and
processing algorithm used for the data so that the data can be fully recovered. This is
‘augmented with the VCDU ID, which will differentiate the various VCDU types and whether
the data is Buffer Dump to Tape data, and thus out of time order.

Reqt. B: The capability shall be provided to collect, edit and compress Engineering, Real Time
Science and Playback data into variable length packets to facilitate ground processing and
identification of the source.

Reqt. C: The variable length packets shall have the generic structure as shown in Figure 3.6.1 and
specific formats for each data source shall be as specified in 3.9.
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TIME |APP | PKT | SEQ| FMT | PKT
INCL | ID {SIZE | NO.| ID |TIME

FLAG (OPT)|(OPT) INSTRUMENT SCIENCE DATA AND
© 4 |20,24, - STATUS
or8) | 28or
32) CONTENT DEFINED BY
INSTRUMENT

M 1o () [4,320r40)

PACKET HEADER (3 - 8 BYTES) PACKET DATA (20 - 511 BYTES)

NOTES:
- OPTIONS (FORMAT ID AND PACKET TIME) AND THE SPECIFIC CONTENT OF THE PACKET ARE
USER DEFINABLE AT DESIGN TIME, NOT DURING OPERATION. INSTRUMENTS MAY
DECIDE TO NOT USE THE FORMAT ID OR PACKET TIME OPTIONS, IF THEY ARE NOT
NECESSARY. THE DATA AREA THEN BECOMES LARGER BY UP TO 5 BYTES. AVERAGE
PACKET SIZE IS ALSO DETERMINED AT DESIGN TIME.

Figure 3.6.1 - Generalized Packet Structure
3.6.1.1. Packet fields

Reqt. A: The packet will consist of a header field and a data field. The header field will have up
to 8 bytes. Header bit definitions are given in Table 3.6.1.1.1. The data field will contain a
minimum of 20 bytes of data and a maximum of 511 bytes of data. The data field may be
compressed. Header information will not be compressed.

Header Field (bits) Field Description
1 Time Included Flag (if set, PKT TIME is included)
7 Application ID (max 128 applications) '
9 Packet Size (in Bytes, max 511 bytes)
7 Sequence Number
0,4 or 8* Optional Format ID (max. 256 FMT IDs per APP. ID)
20, 24, 28, or 32* Packet Time (no. of bits depend on Seq. no., application)

*Number of bits in optional fields must total 0, 8, 24, 32 or 40. Packet time, if
included, must have a minimum of 20 bits of RIM.

Table 3.6.1.1.1 - Packet Header Definition
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3.6.1.2. Time Correlation of Data ‘ .

Reqt. A: Time will be included periodically in each series of packets from a given Application ID
sufficient to allow unambiguous identification of the time order of the packets.

Comment: The sequence number will be used to reassemble packets in the proper order when
time is not included.

3.6.1.3. AACS Pointing Correlation of Data

Reqt. A: All AACS pointing measurements in a single measurement set shall be retrieved from
the AACS during a single minor frame report cycle and stored on tape as a coherent entity.

Reqt. B: The AACS sampling rate for Real Time data is once every 5 RIMs. AACS
measurements sampled are Rotor RA, Rotor DEC, Rotor Twist, Platform RA, Platform DEC,

Platform Twist and Spin rate.

Comment: The sampling frequency for RTS downlink shall be consistent with the ability to
subsequently interpolate to the minor frame sampling at an accuracy of 0.5 degrees for the
Rotor RA/DEC/TWIST. During EUV and UVS operation, sampling shall be consistent with
an ability to interpolate Rotor and scan platform RA/DEC/TWIST to an accuracy of 0.1
degrees.

Reqt. C: During Record Mode the AACS measurements Rotor RA, Rotor DEC, Rotor Twist, .
Platform RA, Platform DEC, Platform Twist, and time (two bytes, lower RIM and minor
frame count) shall be stored on tape every minor frame.

Reqt. D: During PPR burst to Tape mode two AACS measurements only (Platform RA and
Platform DEC) are collected each time PPR non-repeat data is collected.

3.6.1.4. Sensor Data and Science Housekeeping Data Correlation

Reqt. A: Science housekeeping data required for instrument safety shall be extracted from the
instrument LPW data stream or from the instrument Real Time data stream and placed in the
fixed engineering frame. Ancillary housekeeping data required for instrument health
assessment and data evaluation will be acquired through MROs. Housekeeping data
requirements for each instrument are addressed in Appendix C.

Reqt. B: All science housekeeping for playback mode shall be extracted from the LPW data
stream and placed in science playback packet as part of the playback data.
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3.6.2. List of Packets Identified (Packet ID)

Regqt. A: The packets identified in Table 3.6.2 are required. The full packet structure for a typical
packet ID is described in 3.9 and full packet structures for all packets are identified in GLL 3-

310.
APPLICATION ID FORMAT ID Comments
MNEMONIC HEX (7 bits)
ENGI O1h none R/T Engineering Data
ENG2 02h none . | Engineering Playback Data
AACSI 03h none AACS R/T Data
AACS2 04h none AACS Playback Data
AACS3 05h none AACS Record Rate Change Coverage
OPN1 06h none | OPNAV R/T Extended Body
Limb/Term.
OPN2 07h none OPNAYV R/T Star Window Data
OPN3 08h none OPNAYV PB Extended Body Limb/Term.
OPN4 0%h none OPNAYV PB Star Window Data
SSI1 0Ah none (1) SSI non-BARC Compressed Imaging
SSI2 0Bh none (1) SSI BARC-Compressed Imaging
SSI3 0Ch none (1) SSI Housekeeping + AACS
NIMSI 0Dh none NIMS R/T Data
NIMS2 OEh TBD NIMS Playback Data
PPRI1 OFh none PPR Playback Data
PPR2 10h none PPR Burst to Tape data
EUV1 1th none EUV R/T Data
EUV2 12h none EUV Playback Data
UVS1 13h none UVS R/T Data
UvSs2 14h none UVS Playback Data
UVvS3 15h none UVS Record Rate Change Data
MAGI 16h 1h: R'T 2bps | MAG R/T Data
: 2h: R/T 4 bps
3h: R/T 6 bps
4h: R/T 8 bps
5h: R/T 10 bps
6h: R/T 12 bps
MAG2 17h ‘ none MAG Playback Data
MAG3 18h none MAG Record Rate Change Data
DDS1 19h 1h: R/T 1.1 bps | DDS R/T Data
2h: R/T 3.4 bps
DDS2 1Ah none DDS Playback Data
DDS3 1Bh none DDS Record Rate Change Data
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APPLICATION ID FORMAT ID Comments
MNEMONIC HEX (7 bits)
PLS1 1Ch 1h: R/T 5bps | PLS R/T Data
2h: R/T 10 bps
3h: R/T 15 bps
4h: R/T 20 bps
Sh: R/T 30 bps
6h: R/T 40 bps
PLS2 1Dh none PLS Playback Data
PLS3 1Eh none PLS Record Rate Change Data
PWHI 1Fh none PWS High Rate Fill Data
PWH2 20h TBD PWS High Rate Playback Data. FMT
ID gives "n" for 1 of n lines returned
editor, defines the data acquisition rate.
PWH3 21h TBD PWS High Rate LPW Golay Rep. Data.
FMT ID gives "n" for 1 of n lines
returned editor, defines the acq. rate.
PWH4 22h TBD PWS High Rate LPW Record Rate
Change. FMT ID gives "n" for 1 of n
. lines returned editor, def. the acq. rate
PWLI 23h TBD PWS Low Rate R/T Data, FMT ID
gives the Q factor used for the data
compression
PWL2 24h none PWS Low Rate Playback Data
PWL3 25h none PWS Low Rate Record Rate Change
Data
EPD1 26h 1h: R/“T 5bps | EPD R/T Data
2h: R/T 10 bps ‘
3h: R/T 15 bps
4h: R/T 20 bps
5h: R/T 30 bps -
6h: R/T 40 bps
EPD2 27h none EPD Playback Data
EPD3 28h none EPD Record Rate Change Data
HIC1 2%h two 2-bit fields: | HIC Rate, PHA and Status Data (for
01xx: Rate data | FMT ID, RATE, PHA or status
10xx: PHA data | information can be acquired at any rate.
11xx:status data
yyOl:acq.1 bps
yy10:acq.2 bps
yyll:acq. 5 bps
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APPLICATION ID FORMAT ID Comments
MNEMONIC HEX (7 bits) _
HIC2 2Ah none HIC Playback Data
HIC3 - 2Bh none HIC Record Rate Change Data

(1) Last four (4) bits of the image count reside in the area reserved for the Format ID.
Table 3.6.2.1 - Packet IDs
3.7. Operating Modes

The two main operating modes are RECORD and PLAYBACK. Simultaneous with either of these
modes are Real Time modes to support Engineering, OPNAYV and Real Time Science.

Reqt. A: Any Real Time mode can be operable with any Record mode or Playback mode. A
Record mode can only be activated when Playback mode is not active or is paused.
Playback mode cannot be activated while in a Record mode.

Comment: The LPB mode is an unique R/T mode included for diagnostics and ground testing.
It is strictly a tape playback mode at 7.68 kbps and precludes any other R/T or Record rate.

3.7.1. Record Modes
There are extensive modifications to the record mode capabilities to support the Phase II
implementation. These modifications include deletion of some existing record formats, addition of
new formats and the replacement of LRS data with LPW. Additional record formats are added for

the Buffer Dump to Tape and PPR Burst-to-Tape operations. All record mode formats are defined
in Appendix A.

3.7.1.1. Deletions
Reqt. A: The following DMS record formats will be deleted:

MPR, XED, XCM, XPW, XRW, HCJ, HRW, MPB, XPB, XPN, HPB, HPJ, BPB, PW8, LRS,
LPR, HCM, PW4
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3.7.1.2. Modifications | .
Reqt. A: All modes that are retained v;rill replace LRS data w1th LPW data. |
3.7.1.3. Additions
3.7.1.3.1. Regular Tape Recorded Modes
Reqt. A: The following new record modes will be added:

BDT -Buffer Dump to Tape

BPT - PPR Burst to Tape

LNR - Low Rate Science + NIMS

LPU - NIMS Data + UVS and PPR

HIS - High Rate SSI + NIMS

HCA - High Rate NIMS and SSI

HMA - High Rate NIMS and SSI + PWS

Reqt. B: HCA format will be the same as HCM mode (deleted) with the exception that only
lines 1 - 200 will be read out.

Reqt. C: HMA format will be the same as HIM mode with the exception that only lines 1 - 400

are read out. .

NIMS .-.»[ EDIT} —p| DMS

F&P INST
AND SSI

BURST
PR _’[ EDIT}—’ BUFFER "'>

BUFFER DUMP
TO TAPE

\ 4

Figure 3.7.1.3.1.1- Record Data Flow
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3.7.1.3.2. Record Rate Change Buffering

Reqt. A: The capability shall be provided for capturing the LPW portion of the record format,
which contains fields and particles instruments and the UVS instrument, and place this
record mode data in the RTS data stream during the time of record gaps due to record rate
changes.

Comment: A special record rate change VCDU has been defined for the Record Rate Change
data (see 3.5). This VCDU will be processed as if it was an RTS VCDU and will be placed

in the multi-use buffer.

Reqt. B: The unused space in the final Record Rate Change VCDU at the completion of a
record rate change will be filled with fixed pattern fill data to complete the VCDU.

Reqt. C: Provide Select/Deselect capability for RRCC.
3.7.1.3.3. Burst to Tape Mode

Reqt. A: To reduce use of tape resources, the capability shall be provided to record burst mode
data from the PPR instrument as shown in Figure 3.7.1.3.1.1.

Comment: A characteristic of the burst mode of data recording is the collection of data in a
buffer over a period of time prior to recording. This is necessary to overcome the slow data
collection rate relative to the slowest DMS record rate (7.68 kbps). The buffer used for
Burst to Tape mode is also shared with regular record modes which contain NIMS data and
with SSI processing.

Reqt. B: AACS data from the LPW data stream will be captured with PPR burst to tape data.

Reqt. C: The data recorded in burst to tape mode will be retrieved via the playback table
process.

3.7.1.34. Buffer Dump to Tape

Reqt. A: Provide for the sequenced dumping of the multi-use buffer to tape. Upon the issuance
of a sequence command (6TMCHG X, XXX,BDT), the CDS will transfer all processed
VCDUs in the multi-use buffer to the DMS. Raw data in the buffer (data not yet processed
into VCDUs) and completed VCDUs that arrive in the multi-use buffer after the issuance of
the BDT command will not be transferred to the DMS.

Comment: If a buffer dump to tape is required during playback, the playback process must be

paused (6TMCHG X,XXX,PPB) and the tape properly positioned prior to the issuance of the -
buffer dump to tape command (6TMCHG X, XXX,BDT).
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3.7.2. Real Time Modes ‘

There are real timeformats for Engineering, Real Time Science (RTS) and OPNAYV data.
Engineering sample rates for real time data are limited to 2 bps, 10 bps and 40 bps in packetized
telemetry modes, and 10 bps and 40 bps in TDM modes. For real time science, 9 formats have
been defined, with sample rates for each instrument specified by the mode. Additionally, individual
instruments or multiple instruments can be deselected from data collection in any RTS mode, and
the RTE data collection can be deselected in any telemetry mode.

3.7.2.1. Deletions

Reqt. A: Delete MRO support for 8 and 16 bps TDM rates.

Comment: The 8 and 16 bps TDM modes are being deleted for the Phase II mission (see 3.2.1).

3.7.2.2. Modifications/Additions

Reqt. A: Delete the 80 byte MRO capability and replace with the 32 byte MRO capability.

3.7.2.3. Priority Buffer Modes

Engineering and OPNAYV data has priority over Real-Time Science and Playback data. To .

accommodate this priority, a separate priority buffer (4 Kbytes) will be provided to store up to

nine VCDUs of priority data. This data will not be subject to buffer dump to tape and any

completed VCDUs in the priority buffer will be forwarded to the next available slot in the

downlink telemetry frame.

Reqt. A: The Engineering and OPNAV VCDUs will have priority over RTS and recorded data for
inclusion into a telemetry frame. Within the priority buffer, Engineering and OPNAV data have
the same priority.

Reqt. B: On buffer overflow, newest data will be discarded.

3.7.2.3.1. Real Time Engineering

Reqt. A: The capability shall be provided to collect and return packetized engineering data
according to the table of realtime telemetry modes specified in Table 3.2.2.1. The required
collection rates for Real-Time Engineering (RTE) are 2, 10, and 40 bps. The data will be
placed into packets in accordance with 3.6 and 3.9, which will then be placed in VCDUs in

accordance with 3.5.

Comment: Engineering and OPNAYV data will be mixed in the priority VCDU. Segregation of
priority data will be at the packet level. 7
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Reqt. B: 10 bps, 40 bps (Spun LLM), and 1200 bps (Despun LLM) Engineering TDM modes
are retained. However, the data structure will be the same as that for packetized telemetry
(see 3.10 for changes and modifications to the fixed telemetry structure).

Comment: The 1200 bps from the Despun LLM is for ground testing only and cannot be used
in flight. This is the source of the IUS port data for testing in the testbed.

Reqt. C: The capability shall be provided to extract the embedded 1200 bps engineering
telemetry from the recorded LPW data and make it available for inclusion in the telemetry

frame as playback data under playback table control.

Comment: The extracted 1200 bps engineering data will be processed as playback data and will
not be placed in the priority buffer for downlink. The data will be placed in the multi-use
buffer and will come down in sequential order with other playback and RTS data.

Reqt. D: The priority buffer shall be sized to allow storage of up to fifty (50) minutes of
engineering data acquired at 10 bps.

Reqt. E: The capability shall be provided to deselect RTE data from the data collection process
in any telemetry mode.

3.7.23.2. OPNAV

Reqt. A: The capability shall be provided to collect and edit realtime OPNAV data and make it
available to the packetization and framing process as shown in Figure 3.7.2.4.1.1. Real time
OPNAVV data will be collected and processed using special OPNAYV editing and processing
algorithms as specified in 3-310 - Flight Software requirements. Theé OPNAYV data packets
will be structured as given in 3.6 and 3.9, and will be included in priority VCDUSs along with
engineering data in the priority buffer.

Reqt. B: The capability shall be provided to playback recorded OPNAV data and make it
available to the packetization and framing process as shown in Figure 3.7.3.1. OPNAYV data
will be recorded in the IM8 record mode. After processing the recorded OPNAYV data, it
will be placed in packets as given in 3.6 and 3.9 and will be placed in priority VCDUs with
engineering data in the priority buffer. .

Comment: Any unused area in a priority VCDU will be filled with engineering data.
3.7.2.4. Shared Buffer Modes
The multi-use buffer is shared by many processes. All data except Real Time Engineering (RTE)
and OPNAYV data are processed in the multi-use buffer. Both raw data and processed VCDUs

may occupy the buffer at any given time, and the buffer fill state will be controlled using
programmable high and low buffer fill pointers for record data playback.
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Reqt. A: The capability shall be provided to buffer data acquired from DMS playback and return
" as shown in Figure 3.7.3.1. Playback data will be processed as specified in 3-310 - Flight
Software Requirements.

Reqgt. B: VCDUs in the multi-use buffer will be downlinked in time order.

3.7.2.4.1. Real Time Science (RTS) Formats

.Reqt. A: The capability shall be provided to collect and optionally edit Real Time Science
(RTS) data in a buffer for later return as depicted in Figure 3.7.2.4.1.1.

Comment: Nine instruments (NIMS, EUV, UVS, MAG, DDS, PLS, PWS low rate, EPD and
HIC) and AACS, require data pickup for insertion in the RTS data stream. This data will be
processed using instrument specific algorithms prior to downlink. These algorithms are
specified in 3-310 - Flight Software Requirements.

Reqt. B: Provide 9 RTS telemetry formats as shown in Table 3.7.2.4.1.1.

Reqt. C: Provide the capability to deselect R/T science data collection from one or more
instruments, in any RTS format.

Reqt. D: Instrument data shall be collected in a manner to continuously support the average

rates (bps) shown in Table 3.7.2.4.1.1. .
RTS Data Rate
Fmt | w/HIC | w/EUV | MAG | EPD PLS PWS | DDS HIC EUV | UVS | NIMS | AACS
A 19.7 2.0 5.0 5.0 5.0 1.1 1.0 0.0 02 |- 00 04
B 20.7 2.0 5.0 5.0 5.0 1.1 2.0 0.0 0.2 0.0 04
C 30.8 30.8 2.0 5.0 5.0 5.0 34 5.0 5.0 5.0 0.0 04
D 32.8 40.8 2.0 5.0 5.0 5.0 34 2.0 10.0 10.0 0.0 0.4
E 59.8 67.8 4.0 10.0 10.0 10.0 34 2.0 10.0 10.0 10.0 04
F 66.8 6.0 15.0 15.0 15.0 34 2.0 0.0 10.0 0.0 04
G 91.8 91.8 8.0 20.0 20.0 20.0 34 5.0 5.0 5.0 10.0 04
H 117.8 12.0 30.0 30.0 30.0 34 2.0 0.0 10.0 0.0 04
1 151.8 16.0 40.0 40.0 40.0 34 2.0 0.0 10.0 0.0 04
Note: HIC and EUV cannot be included in a format at the same time. One or the other will always be deselected.

RTS data rate is the collection rate from the instruments prior to packetization and R/S overhead. Compression is assumed for PWS.

Table 3.7.2.4.1.1 - Science Telemetry Formats
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Figure 3.7.2.4.1.1 - Real-Time Data Flow
3.7.2.4.2. Mode Change Synchronization
Reqt. A: The downlink will change data rates in a manner such that no data is lost.
Comment: Changing data rates includes going to and from zero (0) bps downlink rate.

Reqt. B: The capability shall be provided to maintain the current data rate when no data remains
to downlink.

© Reqt. C: The capability shall be provided to insert one or more telemetry frames of non-critical
spacecraft data into the downlink stream for the purpose of DSN receiver signal acquisition.

Comment: When no data is available to downlink, the CDS will construct telemetry frames
consisting of high rate PWS data to insert on the downlink. This capability will also be used
to construct the dummy frames of spacecraft data for DSN receiver signal acquisition.

Reqt. D: When switching downlink telemetry rates, the spacecraft will be able to switch data
rates on 64 byte boundaries.

Comment: the CDS will change the downlink data rate on 128 second boundaries, which is an
integral multiple of 64 bytes at all D/L data rates.

Reqt. E: When switching R/T rates, CDS will issue commands to the instruments for the new

rate and will begin picking up data at the new rate on the next instrument cycle boundary.
See 3-310 for specific instrument exceptions.
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Reqt. F: When switching from a real time only mode to a Record mode, the instrument cycle
shall be ignored and the switch to record mode will occur regardless of where the instrument .
is in its cycle.

Reqt. G: When switching from one record mode to another record mode, the instrument cycle
will be ignored and the change will occur when commanded regardless of where the
instrument is in its cycle.

Reqt. H: When switching from a record mode to a Real Time mode, CDS will begin picking up
data from the instrument at the new rate on the next instrument cycle boundary. See 3-310,
3-270 for specific instrument exceptions. Some instruments can generate both RTS and
Record data simultaneously.

Comment: When switching between R/T and Record data, Record data has higher priority. The
instruments desire to maximize the collection of Record data at switches between R/T and
Record modes.

3.7.3. Tape Data Playback

All data playback from the DMS will be controlled via playback tables as defined in 3-290 -

Command Structure and Assignments, and 3-310 Flight Software Requirements. Data will be read

from the DMS at 7.68 Kbps and placed in the multi-use buffer as illustrated in Figure 3.7.3.1. SSI

data will be processed and assembled into VCDUs prior to entry into the multi-use buffer. All other
data will be placed into the multi-use buffer as raw data and processed to packets and placed into
VCDUs upon pausing of the playback (buffer full). Any data that w111 not be downlinked will be .
deselected and will not be placed into the multi-use buffer.

Reqt. A: When the playback process is active, the buffer fill state will be controlled via
programmable high and low water marks.

Comment: When the buffer fill state reaches the lower mark, the playback process will
autonomously initiate DMS data playback to fill the buffer. This includes backing up the tape
recorder to recover data passed up in the previous tape run-down, allowing data playback to
proceed from where it halted in the previous buffer fill. When the buffer fill state reaches the
upper mark, the playback process will autonomously cease DMS playback and process the raw
data in the buffer into VCDUs.
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Figure 3.7.3.1 - Playback Data Flow

' + 3.7.3.1. Playback Table Controls

Regt. A: The DMS data shall be played back and processed according to the playback table, the
contents of which is specified on the ground and uplinked to the spacecraft. This data will be
placed into packets according to 3.6 and 3.9. ‘

3.8. Data Compression

Data Compression is used to minimize the number of bits that must be transmitted from the spacecraft
to the ground. Compression consists of two basic types: lossless compression and lossy compression.
Lossless compression is characterized by the ability to fully recover the compressed data with no loss
of fidelity. Lossy compression is characterized by the fact that in the compression process, data is
intentionally lost in order to maximize compression. For the SSI playback data, a lossless compressor
based upon the Huffman algorithm will be available. For NIMS playback, an editor and a lossless
compressor based on the RICE algorithm is used. For lossy compression the Integer Cosine
Transform (ICT) compression algorithm is used for SSI playback and PWS R/T low rate data.
Expected algorithms and compression ratios are given in Table 3.8.1.
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3.9.

Data Type (Instrument) } Mode | Algorithm Comp. Ratio
NIMS PB Rice 1-5
PWS Low Rate R/T ICT 2-80
SSI PB ICT+Huffman |1 -80

Table 3.8.1 - Compression Algorithms

Detailed Packet Data Description

This section describes the packet structure for each Application ID to the extent required to identify
specific data as needed for ground processing in AMMOS Telemetry, Data Records, or Science
Processing at JPL.

Packet definitions are contained in 3-310 - Flight Software Requirements. The following is a packet
description of a typical packet (as an example).

Data200

Time | AppID | Size Seq. # | (Time) Datal | Data2
inc.
1 7 7 32 8 8 8
NIMS1 R-R-R-MF/2

Table 3.9.1 - NIMS R/T Data Packet

The NIMS R/T packet is illustrated in Table 3.9.1. The data fields in this packet are:

Rev --

Time inc. (1 bit):

App. ID (7 bits):

Size (9 bits):

Seq # (7 bits):

(Time) (32 bits):

Datal(8 bits):

Data2(8 bits):

Data200(8 bits):

1 - Time is included in the time field
0 - Time not included (no time field)

(will include Application ID bit pattern here)
(Size will be fixed at completion of packet definition, max 511 bytes)
Kolls over at 128.
Included if Time inc. bit set to 1. If included, format is :
R-R-R-MF/2 - Full Rim count plus minor frame with high order bit
set if data taken in RTIs 5-9. At least 20 bits of RIM must be included.
First data field.
Second data field.

Last data field.

"
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. 3.10 Fixed Telemetry
3.10.1 Modifications

Reqt. A: The CDS shall provide visibility into the playback table processing status and telemeter
this status to the ground.

Reqt. B: Provide capability for the timely identification of anomalous uplink.

Comment: This requirement can be satisfied by providing telemetry indicators of anomalous uplink
at the highest engineering sample rate. Counters for commands accepted and commands
rejected will be included in 7 or 13 deck telemetry positions and a variable packet map will be
defined which contains the 32 byte missing message list. Other HLM telemetry measurements
that will assist in the assessment of an anomalous uplink will also be included in the variable

map.

Reqt. C: Provide status telemetry on the state of the multi-use buffer and the priority buffer
including a buffer overflow indicator.

Reqt. D: Provide the capability to insert a selected set of CDS HLM telemetry measurements into
the 7 and 13 level commutation decks and into variable packets

‘ Comment: The CDS HLM commutator structure has only 91 deck positions. A selected set of CDS
data needs to be inserted in faster decks for more frequent updates.

Reqt. E: When switching data rates, telemetry sampling will restart only when the data rate change
affects the Real Time Engineering (RTE) data acquisition rate.
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APPENDIX A - RECORD FORMATS

The structures for all of the record formats used in Phase II are contained in this appendix. This
includes all existing formats that are retained (MPP, MPW, HIM, HPW, IM4, A18 and IM8), new
formats for Phase II (LNR, LPU, HIS, HCA and HMA), all formats added in Phase I and retained in

Phase II (LPW). Note that the new HMA format is the same as the HIM format except that only lines 1
- 400 are read out. The new HCA format is the same as the old HCM format (deleted) except that only
lines 1 - 200 are read out.

BDT - Buffer Dump to Tape

Data Rate: 7.68 Kbps

Engineering: 0 bps

Frame Length: 15360 bits

Frame Time: 2.0 seconds
HDR | VCDU VCDU VCDU VCDU Filler
96 3568 3568 3568 3568 992
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 48 0
VCDU 3568 1784 96
VCDU 3568 1784 3664
VCDU 3568 1784 7232
VCDU 3568 1784 10800
Filler 992 496 14368
TOTAL 15360 7680
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. BPT - PPR Burst to Tape

Data Rate: 7.68 Kbps

Engineering: 0 bps

Frame Length: 2560 bits

Frame Time: 0.333 1/3 seconds
HDR | PPR1 ‘' AACS1 |PPR2 AACS2 | ... PPR14 . AACSI14
96 144 32 144 32 (2224 BITS) | 144 32
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 288 : 0
14 PPR/AACS Blocks 2464 7392 96
TOTAL 2560 7680
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LNR - Low Rate Science + NIMS ‘

Data Rate: 7.68 Kbps

Engineering: 1200 bps (effective)

Frame Length: 5120 bits

Frame Time: 0.666 2/3 seconds
HDR ] Eng [ UVS | OC/ ] SSI |PLS | NIMS | NIMS | DDS | Coded | EPD | NIMS

EUV Sta. Sta. Reserve
96 704 | 672 96 G | 408 | 24 432 6 |16 300 | 432
EPD | PPR | MAG | NIMS | MAG | PWS | AACS | NIMS
| (LR)
708 | 144 | 80 | 432 80 160 192 132

Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 144 0
Engineering data 704 1056 96
Uvs 672 1008 o 800
HIC/EUV 96 144 1472
SSI Status 96 144 1568
PLS 408 612 1664
NIMS Status 24 36 2072
NIMS (part 1) 432 2592 2096
DDS 16 24 2528
Coded Reserve 16 24 2544
EPD (part 1) 400 912 2560
NIMS (part 2) 432 -- 2960
EPD (part 2) 208 -- 3392
PPR 144 216 3600
MAG (part 1) 80 240 3744
NIMS (part 3) 432 -- 3824
MAG (part 2) 80 -- - 4256
PWS Low Rate 160 240 4336
AACS Pos. & Rate data 192 288 4496
NIMS (part 4) 432 -- 4688
TOTAL 5120 7680
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LPU - NIMS data + UVS and PPR

Data Rate: 7.68 Kbps

Engineering: 1200 bps (effective)

Frame Length: 5120 bits

Frame Time: 0.666 2/3 seconds
HDR ] NIMS UVS PPR AACS
6 112 672 144 3
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 144 0
NIMS 4112 | 6168 96
[OAVA 672 1008 4208
PPR 144 216 ' 4880
AACS 96 144 5024
TOTAL 5120 7680
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HIS - High Rate SSI + NIMS

Data Rate: 115.2 Kbps

Engineering: 1200 bps (in LPW stream)

Frame Length: 7680 bits

Frame Time: 0.066 2/3 seconds
HDR LPW NIMS SSI'1 SS12

1/10

96 512 768 3152 3152
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 1440 0
1/10 LPW 512 7680 96
NIMS 768 11520 608
SSI 1 3152 47280 1376
SSI2 3152 47280 4528
TOTAL 7680 115200
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. HCA - High Rate NIMS and SSI
Data Rate: 115.2 Kbps
Engineering: 1200 bps (in LPW stream)
Frame Length: 7680 bits
Frame Time: 0.066 2/3 seconds
HDR |[LPW [NIMS | Compressed | R/S | Compressed | R/S Filler
1/10 Imaging Code | Imaging Code
96 512 | 768 2592 512 2592 512 96
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 1440 0
‘1/10 LPW 512 7680 ' 96
NIMS 768 11520 608
Compressed Imaging 2592 38880 1376
R/S Code 512 7680 3968
‘ Compressed Imaging 2592 38880 4480
R/S Code 512 7680 7072
Filler 96 1440 7584
TOTAL 7680 115200
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HMA - High Rate NIMS and SSI + PWS

Data Rate: 115.2 Kbps

Engineering: 1200 bps (in LPW stream)

Frame Length: 7680 bits

Frame Time: 0.066 2/3 seconds
HDR | LPW NIMS Imaging

1/10

96 512 768 6304
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 1440 0
1/10 LPW 512 7680 96
NIMS 768 11520 608
Imaging 6304 94560 1376
TOTAL 7680 115200
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. LPW - Low Rate Science + PWS
Data Rate: 7.68 Kbps
Engineering: 1200 bps (effective)
Frame Length: 5120 bits
Frame Time: 0.666 2/3 seconds

HDR Eng. | UVS HIC/ | SSI PLS | NIMS | PWS | DDS | Coded EPD | PWS
EUV Sta. Sta. Reserve

96 704 672 96 96 408 24 432 16 16 400 432
EPD | PPR | MAG | PWS | MAG | PWS [ AACS | PWS
(LR)
708 | 144 | 80 | 432 | 80 160 | 192 432
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 144 0
Engineering data 704 1056 96
UvsS 672 1008 ' 800
1. HIC/EUV 96 144 1472
SSI Status " 96 144 1568
PLS 408 612 1664
NIMS Status 24 36 2072
PWS High Rate (part 1) 432 2592 2096
DDS 16 24 2528
Coded Reserve 16 24 2544
EPD (part 1) 400 912 2560
PWS High Rate (part 2) 432 - 2960
EPD (part 2) 208 - 3392
PPR 144 216 3600
MAG (part 1) 80 240 3744
PWS High Rate (part 3) 432 - 3824
MAG (part 2) 80 - 4256
PWS Low Rate 160 240 4336
AACS Pos. & Rate data 192 288 4496
PWS High Rate (part 4) 432 - 4688
TOTAL 5120 7680 '
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MPP - Medium Rate Science, PWS data without NIMS .
Data Rate: - 28.8 Kbps
Engineering: 1200 bps (in LPW stream)
Frame Length: 1920 bits
Frame Time: 0.066 2/3 seconds
HDR LPW |PWS Filler
1/10
96 512 1280 32
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 1440 0
1/10 LPW 512 7680 96
PWS 1280 19200 608
Filler 32 "~ 480 1888
TOTAL 1920 28800
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MPW - Medium Rate Science, PWS

Data Rate: 28.8 Kbps

Engineering: 1200 bps (in LPW stream)

Frame Length: 1920 bits

Frame Time: 0.066 2/3 seconds
HDR |LPW NIMS PWS Filler

1/10

96 512 768 512 32
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 1440 0
1/10 LPW 512 7680 96
NIMS 768 11520 608
PWS 512 7680 1376
Filler 32 480 1888
TOTAL 1920 28800
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HIM - High Rate Science, Imaging Q
Data Rate: 115.2 Kbps
Engineering: 1200 bps (in LW stream)
Frame Length: 7680 bits
Frame Time: 0.066 2/3 seconds
HDR |LPW NIMS Imaging
1/10
96 512 768 6304
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 1440 0
1/10 LPW 512 7680 96
NIMS 768 11520 608
Imaging 6304 94560 1376
TOTAL 7680 115200

“
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HPW - High Rate Science, PWS

Data Rate: 115.2 Kbps
Engineering: 1200 bps (in LPW stream)
Frame Length: 7680 bits
Frame Time: 0.066 2/3 seconds
HDR | LPW NIMS PWS
‘ 1/10
96 512 768 6304
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 1440 0
1/10 LPW 512 7680 96
NIMS 768 11520 608
PWS 6304 94560 1376
TOTAL 7680 115200
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IM4 - Compressed Imaging at 403.2

Data Rate: 403.2 Kbps
Engineering: 1200 bps (in LPW stream)
Frame Length: 3360 bits
Frame Time: 0.008 2/3 seconds
HDR | LPW | NIMS Compressed Imaging Reed-Solomon Parity
1/80 1/8 Symbols
96 64 96 2592 512
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 11520 0
1/80 LPW 64 7680 96
1/8 NIMS 96 11520 160
Compressed Imaging 2592 311040 256
Reed Solomon Parity 512 61440 2848
Symbols
TOTAL 3360 403200
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‘ AI8 - Imaging Recorded at 806.4
Data Rate: 806.4 Kbps
Engineering: 1200 bps (in LPW stream)
Frame Length: 6720 bits
Frame Time: 0.008 1/3 seconds
HDR |LPW NIMS | Filler Imaging Imaging
1/80 1/8
96 64 96 64 3200 3200
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 11520 0
1/80 LPW 64 7680 96
1/8 NIMS 96 11520 160
Filler 64 7680 256
Imaging 3200 384000 320
. Imaging _ 3200 384000 3520
TOTAL 6720 806400

4 November, 1993
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IM8 - Imaging Recorded at 806.4

Engineering: 1200 bps (in LPW stream)

Frame Length: 6720 bits

Frame Time: 0.008 1/3 seconds
HDR |LPW NIMS Filler Imaging

1/80 1/8

96 64 96 64 6400
Data Description Bits/Frame | Bits/sec Offset to Start of data
Header 96 11520 0
1/80 LPW 64 7680 96
1/8 NIMS 96 11520 160
Filler 64 7680 256
Imaging Data 6400 768000 320
TOTAL 6720 806400
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‘ APPENDIX B - REED SOLOMON AND CONVOLUTIONAL CODING

The data to be downlinked is fed to the Reed Solomon process and the software convolutional coder.
The data is fed into the Reed Solomon encoder as shown in Figure B-1 in the order specified.

> 8 BYTES P
———T T ,imm" —_
VvCDU 1
BYTE B ':Y:i‘l“
vCDU 2
BYTE 446 BYTE | BYTE2 ENCODED
‘ REGION
vCDU 3

DATA NOTE: FILL AND DOWNLINK ARE
I REED-SOLOMON PARITY BYTES IN ROWWISE FASHION

Figure B-1 - Reed Solomon Encoding Frame

When the data is passed to the software Convolutional encoder, the data is read out in accordance with
the downlink order of data in figure B-1 with no special processing of parity bytes. Thus the parity
bytes are interleaved into the data bytes for VCDUs 3 and 4. Figure B-2 illustrates the interleaving.

SPARE (2 BYTES) |

\ 746 BYTE. 4G BYIES I BYIES 692 BYTES

SYNC -

WORD
oo | |E veoun VCDU 2 VCDU 3
[

BYTE 394/

—

e ——————————
ENCODED REGION (2040 BYTES, 16320 BITS)

DATA
- REED-SOLOMON PARITY BYTES

Figure B-2 - R/S Parity Bit Interleave in Convolutional Code Block
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APPENDIX C - SCIENCE INSTRUMENT HOUSEKEEPING DATA .

Science instrument housekeeping data consists of two main types of data; data required for the
monitoring of the health and safety of the instrument, and data required for the assimilation,
calibration or interpretation of the instrument data. The health and safety data will be obtained by
placing the appropriate channels in the fixed telemetry and retrieving the data with the fixed
engineering data. The other housekeeping data will be obtained by multiple methods, specific to the
instrument and its operating modes.

The following paragraphs list the housekeeping data requirements for each instrument and the
expected method of obtaining that data.

DDS Instrument:

DDS instrument housekeeping data is included in the DDS R/T packet. There is no requirement to
extract this data for instrument monitoring.

EPD Instrument:

One byte of science housekeeping data is to be collected directly from the instrument memory and
placed into the fixed engineering 91 deck telemetryfor instrument monitoring. Memory location
TBD. '

EUYV instrument housekeeping data will be included in the EUV data packets and will not require

extraction for instrument monitoring. Existing engineering data obtained through engineering
channel E-1680 will be retained in fixed telemetry.

HIC Instrument:

Housekeeping data for the HIC instrument will be included in the HIC instrument packets. Two
engineering channels currently in the fixed engineering will remain for instrument health and safety
monitoring. '

MAG Instrument:

The MAG instrument will obtain required housekeeping data via Memory Readouts (MROs).
Existing engineering measurements in the fixed engineering will remain for monitoring instrument
health and safety. Additional X, Y and Z sensor offset data measurements (total of 6 bytes) will be
picked up via DMA transfer (BTs) and inserted in the 91 deck of the fixed engineering telemetry
structure.
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Science channels S-1924, S-1>925, S-1926, S-1927, S-1929 and S-1930 will be obtained directly
from NIMS memory (addresses 1592h through 1597h) each minor frame (total of 5 bytes/mf) and
placed into the fixed engineering 91 deck telemetry for instrument monitoring.

PLS Instrument;

The PLS has no specialized housekeeping data requirements. Engineering channels E-1751 and E-
1764 will be used to monitor the health and safety of the instrument and will be obtained through

the fixed engineering 91 deck telemetry.
PPR Instrument:

All PPR housekeeping data will be included in the PPR instrument packets and does not require
extraction for R/T instrument monitoring. Engineering channels E-1715 and E-1716 will be
included in the fixed engineering 91 deck telemetry for monitoring the health and safety of the
instruments.

PWS Instrument:
All housekeeping data for the PWS instrument will be obtained from the recorded LPW data.
SSI Instrument:

For monitoring instrument health and safety, engineering channels E-1880 to E-1885 will be
included in the 91 deck of the fixed engineering telemetry structure.
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When the instrument is on, the SSI will return 12 bytes of data which are:

S-CHANNELS DATA TYPE DESCRIPTION
DATA WORD TBD RAM Checksum
DATA WORD TBD ROM Checksum
S-1915 , DATA WORD 2 Programmed Memory Readout
S-1899, S-1880,S-1901, | DATA WORD 5 State Vector Status
S-1902, S-1903, S-1904,
S-1905, S-1906
S-1881 DATA WORD 6 Input Current
S-1886 DATA WORD 11 Plus 5 Volts
S-1888 DATA WORD 13 CCD Heater Voltage
S-1890 DATA WORD 15 BLS Voltage
S-1894 DATA WORD 19 CCD Fine Temperature
S-1912 DATA WORD 22 Picture Mode
S-1913, S-1914, S-1916 DATA WORD 25 Image Mode, Compressor Status
S-1900, S-1907, S-1908,

S-1909, S-1910

DATA WORD 26

Actual Filter, Watchdog Trip

This data will be included in the 91 deck of the fixed engineering telemetry structure. The

additional 15 data words that are not regularly sampled will be periodically retrieved via MRO.

When the instrument is returning images, the SSI will return 7 bytes of data which are:

S-CHANNELS DATA TYPE DESCRIPTION

S-1889 DATA WORD 14 RAM Checksum

S-1894 DATA WORD 19 ROM Checksum

S-1912 DATA WORD 22 Programmed Memory Readout
S-1897, S-1875 DATA WORD 23 State Vector Status

S-1898, S-1876, S-1877, | DATA WORD 24 Input Current

S-1878, S-1879

S-1913, S-1914, S-1916 DATA WORD 25 Plus 5 Volts

S-1900, S-1907, S-1908, | DATA WORD 26 Actual Filter, Watchdog Trip

S-1909, S-1910

This data is returned for each image (including OPNAV) in the special housekeeping packet.

EXCEPTION: In the 2 1/3 second mode only, DATA WORDs 22 - 26 will be returned.
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UVS instrument housekeeping data will be included in the UVS data packets and will not require
extraction for instrument monitoring. In addition, engineering channel E-1790 will be included in
the fixed engineering 91 deck telemetry for instrument health and safety monitoring.
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SCOPE

This document establishes the Galileo (GLL) telemetry measurements
and data formats. Included are functional requirements and
descriptions of the telemetry format structure characteristics for
Engineering, Science and Playback data. Ffor the purpose of this
document, Telemetry Handling is defined as those functions required
to prepare and process either science or engineering data during any
phase of the mission for subsequent transmission to earth.

APPLICABLE DOCUMENTS

The following documents form a part of this functional requirement.
NOTE

GLL-3-100, Galiteo Orbiter Requirements and Constraints, applies to

this document. Requirements of other GLL level 3 documents may also

be applicable. It is the responsibility of the user to adequately

acquaint himself with the organization and pertinent contents of the

level 3 documents, as well as with the material contained herein.

REQUIREMENTS

Jet Propulsion Laboratory

GLL-3-100 Functional Requirement, Galileo Orbiter
Requirements and Constraints

GLL-3-110 Functional Requirement, Galileo Orbiter
Functional Block Diagram and Interface
Listings

GLL-3-290 Functional Requirement, Galileo Orbiter

Command Structure and Assignments

GLL-3-300 Functional Requirement, Galileo Orbiter
Telecommunications

GLL-3-310 Functional Requirement Galileo Orbiter
Software Requirements

DOCUMENTS

Jet Propulsion Laboratory

PD 625-53 End-to-End Information System

PD 625-59 GLL/STS System Requirements Document
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National Aeronautics and Space Administration

NASA Planetary Program Flight/Ground Data
System Standards

Johnson_Space_Center

1C0-2-1F001-002 Shuttle Orbiter/IUS Cargo Element
Interfaces (GLL Annex)

Lewis Research Center

ICD-65-69001 Interface Control Drawing STS/IUS/GLL
Spacecraft

Ames Research Center

JP-530 Probe System/Orbiter System Interface
Specification

TELEMETRY SYSTEM FUNCTIONAL REQUIREMENTS
General

The GLL Oorbiter shall contain hardware and software to perform the
telemetry functional requirements as defined in this document.

The data flow block diagram, depicted in Figure 1, shows the
functional flow of all Galileo Orbiter telemetry data.

Engineering Subsystems

The Orbiter engineering subsystems consist of the following:

Subsystem

8. Structure subsystem (STRU) 01

b. Radio frequency subsystem (RfS) 02

¢c. Modulation demodulation ;ubsystem 03
(MDS)

d. Power/pyro subsystem (PPS) 04

e. Command and data subsystem (CDS) 06

f. Attitude and articulation control a7
subsystem (AACS)

9. Cabling subsystem (CABL). 09

12
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h. Retro Propulsion Module (RPN) 10
i. Temperature control subsystem 11
(TEMP)
j. MWechanical devices subsystem (DEV) 12
k. Data memory subsystem (DMS) 16
l. S/X-bend antenna subsystem (SXA) 17
m. Heavy ion counter (HIC) 28
n. X/S douwnconverter subsystem (XSDC) 42
o. Orbiter purge equipment (OEE) 71

Shuttle engineering subsystems consist of the following:

Subsxstém
a. 1US --
b. Shuttle orbiter (S0) -
Science Subsystems

The GLL science subsystems consist of the following:

Subsystem
a. Plasma wave subsystem (PWS) 23
b. Extreme ultraviolet subsystem (EUV) 24
c. Energetic particles detector 25
subsystem (EPD)
d. Photopolarimeter radiometer 27
subsystem (PPR)
e. Dust detector subsystem (DDS) 29
f. Plasma subsystem (PLS) 32
g. Ultraviolet spectrometer subsystem 34
(uvs)
h. Magnetometer subsystem (MAG) 35
i. Solid state imaging subsystem (SS1) ‘36
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j. Near infrared mapping spectrometer 37
subsystem (NIMS)

k. Science calibration subsystem (SCAS) 40
L. Releay Radio Hardware (RRH) 52
m. Probe (PRB) : 60

Document Conventions

Within this document, the following conventions are followed:

a. All numbers shall be decimal (base 10) unless
otherwise indicated.

b. The leftmost bit in any group of bits shall be
the most significant bit (MSB) and shall be
assigned bit number 1. The rightmost bit in any
group of bits is the least significant bit (LSB)
and shall be assigned bit "N". Unless otherwise
indicated, all data shall be transferred MSB
first.

Data Management

The GLL Orbiter shall process the following types of data:
a. Engineering

b. Memory Read Out

c. Low-Rate Science (LRS)

d. Medium-Rate Science (MRS)

e. Intermediate-Rate Science (XRS)

f. High-Rate Science (HRS)

g. S-band Backup Science (BUS)

h. Ptayback (PB)

Engineering Date

Engineering data are those measurements required to monitor the

executing sequence, the status and performance of engineering
subsystems, and the science instrument critical temperatures without
prior knowledge of previous state. Redundant measurements for

selected critical parameters shall be permitted.

15
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The priority in selecting engineering tetemetry measurements for
inclusion in the engineering frame is listed below. This order of
priorities shall be used in the assighment of measurements to the
downlink telemetry frames.

a. Measurements necessary for flight operations or safety,
such as §/C pointing, fault identification, and state
vector for sequence verification.

1) Measurements that give positive indication of onboard
status and actions (both hardware and software).

2) Measurements required for selecting between alternate
modes of operation or redundant elements.

b. Measurements of subsystem parameters directly
affecting spacecraft system performance.

c. Measurements necessary to evaluate the performance of
subsystems not previously flowun.

d. Measurements necessary to evaluate the performance of a
subsystem previously flown.

Memory Readout Data
Memory readout data is the data derived from the memories of the
command and data subsystem (CDS), attitude and articulation control

subsystem (AACS), or from the science subsystems. The CDS memory can
contain 7.68 kbps DMS playback data.

Low-Rate Science (LRS) Data

Low-Rate Science Data consists of engineering, all fields and

particles, UVS, EUV, and PPR science instrument sensor data,
instrument status/housekeeping data and scan platform pointing
vectors. Critical instrument temperatures, used to monitor the

instrument health, are located in the engineering data frame.

High-Rate Science (HRS) Dats

High-Rate Science Data shall consist of LRS, all data produced by the
solid state imaging (SS1), and the near infrared mapping spectrometer
(NIMS) subsystems with the exception of those measurements included
in the LRS stream for the purpose of monitoring the status of the SSI
and NIMS. The HRS data shall include the plasma wave subsystem (PWS)
wave-form data which replaces §S1 data, is in addition to the S§SI
data, or is in addition to the Playback data.

Intermediate-Rate Science (XRS) Data

Intermediate-Rate Science data shall be identical to the HRS data
except that SSI or PWS data shall be incorporated at a reduced rate.
This rate reduction shall be echieved by compression or editing.
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Medium-Rate Science (MRS) Data

Medium-Rate Science data shall consist of LRS, with or without NIMS,
and either probe or plasma wave subsystem sensor data.

S-band Back-up Scighce (BUS) Data

The S-band Back-up Science data shall include playback options and
other to be selected science modes for use in the event of a loss of
X-band downlink.

Ptayback (PB) Data

Playback data shall consist of LRS data with or without NIMS data with
or without PWS data end tape recorder PB data which is asynchronously
embedded in a real-time data stream.

Data Acquisition

All ~dete generated by engineering or science subsystems shall be
initially routed to the CDS for conditioning and processing before
being sent to the Shuttle orbiter and the IUs, the
modulation/demodulation subsystem (MDS) telemetry modulation wunit
(TMU), and/or the data memory subsystem (DMS). '

Analog Engineering Measurement Resolution

Each temperature and (0-3 volt) analog engineering measurement
converted to a digital number within the CDS shall result in an 8-bit
word with a data number (DN) ranging from 0 to 255. Therefore, each
measurement digitized by the CDS shall have a8 maximum resolution of
17256 (0.39%).

Analog Engineering Measurement Accuracy

The accuraéy with which the CDS shall convert each temperature and
(0-3 volt) analog engineering measurement into an 8-bit digital
number shall be as specified below:

a. Standard Range Temperature Measurement (-78 deg. C to
+100 deg. C): .
+ 3% (of full scale) & 1/2 DN
b. Electrostatic Discharge Protected Temperature
Measurement (-102 deg. C to +74 deg. C):
+ 4X (of full scale) + 172 DN

c. Other Temperature‘neasurements (special ranges):
+ 5% (of full scale) + 1/2 DN

d. Other Anaslog Measurements:
+ 1% (of full scale) + 1/2 DN

17
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Data Transmission

The GLL Orbiter shall be capable of data transmission under .one or
more of the following basic modes:

a. To the Shuttle Orbiter (via IUS) for downlink by
the Shuttle Orbiter.

b. To the 1US for downlink by the Shuttle Orbiter
(with concatenated Shuttle Orbiter and 1US data).

¢c. To the 1US for downlink by the 11US (with
’ concatenated 1US data).

d. To the Tracking Dats Relay Satellite (TDRS).
e. Via a low-rate channel over S-band.
f. Via a high-rate channel over § or X-band.

STS Attached Phase

The GLL Orbiter data shall be provided via a hardline to both: (1)
the IUS at 1.2 kb/s for inclusion in the IUS/Shuttle Orbiter

data stream and (2) the Shuttle Orbiter at 1.2 kb/s. The S/C data
stream shall be from the CDS and shall not be convolutionally coded.
The CDS shall enable/inhibit the serial telemetry to the IUS and
Shuttle Orbiter based on the logical state of one of the despun
bilevel inputs., See Table A2.2.9.

STS Detached Phase

Data Through $/C Direct to TDRS. During this phase, the GLL Orbiter
shall transmit GLL Orbiter data to the TDRS at 1200 b/s for relay to

earth. This transmission shall be convolutionally coded (rate = 172,
constraint length = 7; 2400 symbols per second) with no subcarrier.

Data_Through 1US, During this phase the GLL Orbiter shall send
GLL Orbiter data at 1200 b/s to the lUS for tresnsmission to the
earth. This transmission shall be uncoded.

Low-Rate Channel

The low-rate channel (40 b/s only) shall function on S-band only and
shall contain real-time low-rate engineering deta exclusively. It
shall be possible to remove low-rate channel telemetry modulation
from the downlink by CDS command to the MDS. The low-rate channel
shall be uncoded. It shall be possible to transmit Llow-rate
engineering  simultaneously with any other data on the high-rate
channel provided the low-rate channel is transmitted on the S-band
downlink and the high-rate channel on the X-band downlink.

18
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High-Rate Channel

The high-rate channel shall be the primary mode of data transmission
during the mission. This channel may contain any of the following
types of data after the completion of launch operations:

a. Low-Rate Science (LRS).

b. Medium-Rate Science (MRS) which includes LRS, NIMS
and either PRB or PWS data.

c. Intermediate-Rate Science (XRS) which includes LRS,
NIMS, and SSI or PWS data.

d. High-Rate Science (HRS) which includes LRS, NIMS, and
either SSI or PWS data.

e. LRS with or without NIMS with embedded S/C tape
recorded playback data. )

f. 10 b/s Eﬁgineering.

g. 1200 b/s Engineering.

h. s-band Back-up Science (BUS)

i. Engineering data to TDRS (paragraph 3.4.2.1) (no subcarrier).

j. 40 b/s Engineering.

1t shall be possible to remove high-rate channel telemetry modulation
from the downlink by CDS command to the MDS. The telemetry rates and

modes available on the high rate channel shall be as specified in
paragraph 3.8 herein.

All data on the high-rate channel shall employ a constraint length =

7. rate = 1/2 convolutional code and the channel shall operate on
either S- or X-band. Transition density requirements shall be met in
order to permit Ground decoding as specified in GLL-3-300,
Telecommunications and GLL-3-100, Requirements and Constraints.

Data Processing

The GLL Orbiter contains a number of on-board computers, peripheral

processors and analog of digital interfaces. Collectively these
computers, processors, and interfaces shall be defined as the GLL
Orbiter data system. Each of the on-board processors shall be

assigned dedicated functions described in the following paragraphs
and ip G6LL-3-310, Software Requirements.
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Science Subsystem Processor Telemetry Functions

Except for selected subsYstem temperature measurements processed by
the CDS, each science subsystem shall be responsible for its data
collection, analog to digital (A/D) conversion, processing,
formatting, end buffering. The instrument data shall be output under
control of the CDS.

General science subsystem telemetry data requirements shall include
the following items:

a. All status/housekeeping data needed to monitor the
subsystem status and sequence performance in real-
time shall be placed at the start of the subsystem's
bit allocation in each telemetry frame and shall have
a deterministic relationship to the spacecraft clock.

b. Science sensor date shall be output in at least one
known format within the instruments bit allocation.

c. The low rate science data frame shall include status
information for all science instruments (including
the high rate science instruments shose dats may not
exist in the low rate science frame).

d. Each science instrument shall output sufficient
status/housekeeping to determine all critical and/or
controllable instrument performance states or
parameters (including mode, memory checksums,
processor self-test results, counters for commands
accepted, bus parity errors detected, rejected
commands, entries to fault routines, lLast command
received, time of last sync discrepancy, voltages,
currents, power on reset). All status values shall
represent an absolute value (rather than change).

All mode identification status shall precede or be
concurrent with the output of the sensor data to

swhich it refers.

e. Instrument data taking cycles shall be governed by
and synchronous to the following equation:

t_ = Science instrument cycle time

t; = Imaging (SSI') picture frame time (60-2/3
seconds)

n=1,2,3 ....iv0e0u
m=1,2,3, 4,5
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f. All instrument data mode changes shall occur when the
downtink spacecraft clock MOD 91 is O, 13, 26, 39,
52, 65, or 78 and the MOD10, and MOD8 are both zero.
The data contained within the instrument downlink
allocation shall be valid for the new mode beginning
concurrently with the change to the new mode.

AACS Processor Telemetry Functions

Except for selected subsystem temperature measurements processed by
the CDS, the AACS shall be responsible for its data collection, A/D
conversion, processing, formatting and buffering. The AACS data
shall be output under control of the CDS from a buffer area in AACS
memory. The deta in this buffer will be updated once each minor
frame (2/3 seconds) during RTI 0. The data conteained in the buffer
will include Low Rate Science (LRS) telemetry, fixed telemetry, and
varieble packet telemetry. The LRS data shall consist of the rotor
and platform pointing vectors in Earth Mean Equator 1950.0
coordinates, rotor spin position angle in Ecliptic 1950.0
coordinates, cone and clock position in spacecraft relative
coordinates, the rotor spin rate, and platform cone and cross cone
rates. The LRS data shall be predicted ahead to the correct value
for RT1 0.

EDS Processor Telemetry Functions

General. The CDS shall be responsible for the A/D conversion of all
analog measurements, sampling digital and bi-level measurements
attached to the CDS; <collection, conversion, buffering, formatting
cDS$ telemetry dates; source error protection (Golay coding);
collecting and formatting other subsystem data into telemetry frames
for transmission to the DMS and/or to earth as specified in paragraph
3.8.

The CDS shall output sufficient information such that detailed bit-
level ground simulation of on-board events are not required for
spacecraft sequencing or ground analysis of on-board activity.

Command Accountability. The following requirements shall apply to
command transmission both from the ground to the Orbiter (Uplink) and
from the CDS to the other subsystems (Onboard).

Uplink command accountability

a) The following information about the last message
received at the CDS shall be inserted into the
downlink at lLeast once every 60 2/3 seconds:

. Message number.

Message type.

Number of frames in message.

Presence or absence of start word error,.
. @acceptahce or rejection of message.

Vi WN =
.
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b) In Orbiter system test, an echo of each uplink
command bit shatl be sent from the CDS to the CDS
support equipment.

c) Separate 8-bit counters for each function
described below shall be downlinked at least once
every 60 2/3 seconds:

1. Uplink messages received and accepted (1
counter for each message type).

2. Uplink messages received and rejected.

3. Command frames detected in error.

4. Deate fremes corrected.

5. Uncorrectable data frames.

6. DAC rejected because of elapsed time.

7. DAC rejected because of invalid message
number. .

8. DAC rejected because of occupied buffer slot.

9. CDUVU lock changes.

d) The active/inactive status of each DAC buffer
slot shall be indicated in the downlink at least
once every 60 2/3 seconds.

e) The most recently commanded state of CDS critical
controller registers and critical enable relays
shall be placed in the downlink at least once
every 60 2/3 seconds.

f) A lLlist of messages found missing by the CDS from
the last message sequence shall be downlinked at
least once every 60 2/3 seconds, or upon receipt
of the terminator message of the message
sequence.

Orbiter (Onboard) command accountability shall consist of:
1) Periodic readout counters for each of the following:

a) Number of commands issued from stored CDS
sequences

b) Number of Real Time Commands

c) Number of commands resulting from interactive
requests from other Orbiter subsystems (i.e.,
error correction routines and alarms)

d) WNumber of power code commands.

e) Heart beat

NOTE: counters must count commands as they are
issued by the CDS

2) Ildentification of executing sequence elements.
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3) B8uffer for downlink transmission of the latest 16
commands distributed consisting of CCs, DCs, PCs,
and the first four bytes of BCs issued to another
subsystem. Prepared commands, spacecraft time
and sector data commands shall not be buffered.
Command activity which exceeds the buffering
capability shall overwrite the oldest
nontransmitted command.

Error routine commands shall be included in the
16 buffer and shall be given priority over the
other commands. There is no requirement to
specially format or add fill for €C or DC
commands. However, to ensure that commands are
not written before downlinking, a8 lockout
function shall be implemented when reading out a
command. Commands from the active or primary HLM
shall be input to the 16 command buffer
unless a critical sequence is being executed from
both HLMs, in which case commands from both HLMs
should be input to the buffer.

Data Forms

Data shall be presented to the CDS in either analog or digital form.
Digital data may consist of discrete event pulses, bi-levels, or
serial Non-Return to Zero (NRZ) data; except for data provided to the
CDS over the data bus which shall be serial Return to Zero (R2), and
data sent to the CDS from the PWS and $§SI via the high speed
interfaces where the serial stream is split between two lines with
data appearing in RZ format on each. Analog data shall consist of
variable voltages. All analog engineering data shall be consistent
with the ranges specified in paragraph 3.3 for the appropriate
transducer. Data presented to the MDS or DMS shall be in the form of
serial NRZ data, MSB first.

Data presented to the (DS as analog voltages shall be converted to 8-
bit digital words with teading z2eros where the data does not fill all

8 bits.

All status data shall represent absolute value (rather than change to
previous value).

Source Error Protection Coding

The CDS shall provide the capability to code portions of the LRS data
and the Probe data transmitted on the high-rate channel using a Golay
(24, 12) code interledved to depth 36. This interleaving scheme
shall be as defined in paragraph 3.6.3. LRS shall be Golay coded
except for UVS and engineering data, HRS data shall not be Golay
coded.
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Golay Coding Function

The Golay code, together with a K=7, R=1/2 convolutional code, is
employed to construct a concatenated high-rate data channel which
simultaneously satisfies two different science data bit error rate

requirements. Selected science data is Golay coded prior to being
time multiplexed with non-Golay coded imaging, NIMS, or PWS data not
in the LRS frame. The performance of the code is such that, after

being decoded, <certain portions of the LRS data will be delivered to
the users with a bit error rate of < 5 x 10-5 even though the overall
high rate channel is operated at a bit error rate of < 5 x 10

Code Operation

The Golay (24, 12) code transforms a set of 12 data bits into a Golay
code word comprised of 24 binary code symbols. The first 12 symbols
of &a Golay code word are identical to the 12 original data bits
whereas the last 12 symbols of the Golay code word are a linear
function of the 12 data bits. The code has the property that any
combination of < 3 symbol errors in a Golay code word can be exactly
corrected and the occurrence of exactly 4 symbol errors can be
unequivocally detected. [1f > 4 symbol errors occur in a received
Golay code word, the decoding processes will, in general, produce
additional bit errorsl.

Interleaving Depth

The high-rate channel design employs a convolutional code which is

concatenated with the Golay code. The <characteristic of the
convolutional decoding process is that errors in the high-rate
channel stream tend to occur in bursts. For this reason, blocks of

Golay words (36 words per block) are interteaved on a bit-by-bit
basis to provide increased protection against these burst errors.
The interleaving process is shown in Figure 2. Note that despite the
interleaving process, the first 432 symbols of the Golay code block
are identical to the original 432 data bits. The net effect of this
interleaving process (referenced to as “interleaving to depth 36%) is
that the length of burst error must be greater than 108 bits before
the error correction properties of the Golay code are exceeded.

Data storage (DMS) shall be prdvided by a single digital tape
recorder whose capacity is 9 x 108 bits.

In order to simplify the ground tape management tasks asscociated with
the $S/C tape recorder, oall data recording and playback of the data
shall occur in the same tepe direction (First In, First oOut). The
data from the t-pe‘recorder shall appear to the ground as if it were
a normal, real-time dats stream (e.g., no backwards data; no parallel
record with serial playback).
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NOTES:
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3. S, , DENOTES THE i™ cooe
SYABOL OF THE K'M CODE WORD
OF AN 864 SYMBOL GOLAY CODE
BLOCK

(i TAKES ALL INTEGER VALUES
FROM 1 TO 24 AND k TAKES ALL
INTEGER VALUES FROM 1 TO 36)

EACH COLUMN IN THE GOLAY CODE
BLOCK 1S A GOLAY CODE WORD

5. THE FIRST 432 SYMBOLS OF THE
GOLAY CODE BLOCK ARE IDENTICAL
TO THE ORIGINAL DATA BITS:

Sy,1 = by
= by

- bs7

6. DATA 1S ENCODED sik WHERE

15§ 26 FOR EACK X IN
RANGE 1,36
7. DATA 1S TRANSMITTED IN THE
DOWNLINK S, WHERE

36 FOR EACH i IN

1=ks
E 1,24

RANG!




7.2

GLL-3-280 Rev. D

Data Recording .

The DMS shall be capable of recording at any of the following data
rates on command from the CDS.

a) 806.4 kb/s
b) 403.2 kb/s
c) 115.2 kbss
d) 28.8 kb/s
e) 7.68 kb/s
Date Playback

The DMS shall be capable of playing back data to the CDS at any of
the following rates on command from the CDS.

a) 100.8 kb/s
b) 57.6 kb/s
c) 19.2 kb/s

d) 7.68 kb/s

Jelemetry Modes and Rates

The telemetry modes and data rates shall be as shown in Table 1. The
table shows the real-time telemetry frame name and downlink telemetry
rate, and the recorded telemetry frame name along with its associated
recording rate.

Bits 1-5 of the Format Identification (FID) represent the assignment
of the real-time telecommunication rate and frame format. Bits 12-16
of the FID represent the assignment of the recorded
telecommunications rate and frame format. Taken together, these two
fields uniquely identify the telemetry mode.

The basic GLL bit rate allocations within each format shall be as
shown in Table 3.
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Table 1. GLL Telemetry Modes
Real-Time Formats

Mnemonic | Downlink | Primery Data Type ] Bits 1-5 | Reference
| Data Rate | | _of FID | Paragraph
NONE | N/A ] No date being downlinked i N/A i N/A
I [ Engineering | |
! o ! |
ELS | 10 bps | 10 bps snapshot of 1200 bps {1 1 1 1 0 | 3.9.3
| | engineering date | |
| | | |
ESS ] 40 bps | 40 bps snapshot of 1200 bps |1 1 1 0 1t | 3.9.3
| | engineering data { (
| [ ! |
EHR ] 1200 bps | Engineering data at 1200 bps |0 0 0 0 1 | 3.9.3
AL BN I R S SRR RIS BRI
i | Low Rate Science | I
| [ I I
LPB | 7.68 Kbps | Tape recorder playback at |o 0 0 00 | N/A
| | 7.68 Kbps | |
| | | [
LRS | 7.68 Kbps | Low Rate Science at 7.68 Kbps|1 0 0 1 1 | 3.9.4
R B T R el AR BRI
| ! Medium Rate Science | {
| ! | I
MPB | 28.8 kbps | Tape recorder playback at |]o o0 11 | 3.9.6
| ] 19.2 kbps, with LRS at 7.68 | |
I | xbps | |
| | | |
MPW | 28.8 Kbps | PWS data at 7.68 Kbps, with |1 0 1 0 0 | 3.9.5
| | MIMS at 11.52 Kbps, and LRS | |
| | at 7.68 Kbps | |
| ! ) |
MPP | 28.8 Kbps | PWS date at 19.2 Kpbs, with |0 1 1 1 0 | 3.9.5A
| ] LRS at 7.68 Kbps ) | |
! | | |
MPR | 28.8 kbps | Probe/RRH data at 7.68 Kkbps, |0 1 1 1 1 | 3.9.20
| ] with NIMS at 11.52 Kbps, and | ]
| | LRS at 7.68 Kbps | |
| ] lntermediate Rate Science | |
| | { |
XPB | 67.2 Kbps | Tepe recorder playback at jJo o111 | 3.9.10
| | 57.6 Kbps, with LRS at 7.68 | |
| | xbps | |
| | | |
XPW | 67.2 Kbps | PWS data at 45.56 Kbps, with |0 0 1 0 0 | 3.9.9
] | NIMS at 11.52 Kbps, and LRS | |
| | et 7.68 Kbps | |
{ 1 | |
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Table 1. GLL Telemetry Modes
Real-Time Formats
Primary Data Type | Bits 1-5 | Reference
|__of FI10 | Paragraph

XCM Imaging data compressed to 00101
38.88 Kbps, with NIMS at
11.52 Kbps, LRS at 7.68 Kbps

XED Imaging data compressed and 00110
edited to 38.88 Kbps, with
NIMS at 11.52 Kbps, and LRS
at 7.68 Kbps

XRMW 80.64 Kbps PWS data at 46.56 Kbps, with |0 1 0 0 1 3.9.10A
NIMS at 11.52 Xbps, and LRS
at 7.68 Kbps

XPN 80.64 Kbps Tape recorder playback at 01000 3.9.108

57.6 Xbps, with NIMS at 11.52

Kbps, and LRS at 7.68 Kbps

> ® = e ®m e+ = = = a = e e = = =

High Rate Science

HPB 115.2 Kbps 3.9.14
100.8 Kbps, with LRS at 7.68

Kbps

NIMS at 11.52 Kbps, and LRS
at 7.68 Kbps
HIM 115.2 Kbps Imaging data at 94.56 Kbps, 1000 1
with NIMS at 11,52 Kbps, and

LRS at 7.68 Kbps

3.9.11

HCHM 115.2 Kbps Imaging data compressed to 10010 3.9.12
77.76 Kbps, uwith NIMS at
11.52 Kbps, and LRS at 7.68
Kbps

HCJ 134.4 Xbps Imaging data compressed to 1101 3.9.12A

77.76 KXbps, with NIMS at -

11.52 Kbps, LRS at 7.68 Kbps, |

and PWS at 12.96 Xbps ]
|
PUS date at 94.56 Kbps, with |0 1 1 0 0O
NIMS at 11.52 Kbps, and LRS |
at 7.68 Kbps _ |

]

|
|
I
|
I
|
|
|
|
I
|
I
|
I
|
I
|
-1
|
|
Tape Recorder playback at jo 1010
|
|
I
|
|
I
|
|
I
|
|
|
|
|
|
|
|
|

KRW 134.4 Kbps

I

I

I

I

|

|

I

|

|

|

I

I

|

I

I

I

I

I

I

I

I

I

I

10000 | 3.9.13

I

|

|

|

I

I

I

I

I

I

|

I

|

|

I

|

|

| 3.9.16A
|
|
]

l

1

!
| |
| |
| |
| |
[ |
I I
I [
| I
| |
| !
I |
I |
I I
I I
I I
I |
| |
l I
I I
I I
I I
I I
I |

HPM | 115.2 Xbps | PWS date st 94.56 Kbps, with

I |
I I
I I
I I
I I
I I
| |
| |
I |
| [
! I
I I
| !
| |
I |
| [
I |
! |
I I
| |
i 1

— —— —— — — — — — — — —_——— —— —— ——t— — ——— —— ——— — — — — — — ———— — — — — — — —— — ittt it s s . e St . . Sttt e, it
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Table 1. GLL Telemetry Modes
Real-Time Formats

i = i = S B S A > D . . P . T T > D T e S s W ey s T i T S e T ot U e S . o D W B T > B . Vo S P e e " ——— - ——

Mnemonic | Downlink | Primary Data Type | Bits 1-5 | Reference
| Data Rate | ] of FID | Paragraph
| [ ' | . |

HPJ | 134.4 Kbps | Tape recorder playback at jo 1 01 1 ] 3.9.148
] | 100.8 Kbps, with NIMS at | ]
| ] 11.52 Kbps, LRS at 7.68 | |
| | Kbps and PWS at 12.96 Kbps | }

---------- R R B EEETETERTET
] | Miscellaneous | |
| | ! !

BPB | 16.8 Kbps | Tape recorder playback at fo o010 | 3.9.19
| | 7.68 Xbps, LRS at 7.68 Xbps | |
| | _ | [
KPR | 40 bps | Keep-ative power on reset | N/A | 3.9.21
| | mode (alternate 1's and 0's) | i
| | | |
LMF | 600 bps | Keep-alive power on reset } N/A | 3.9.22
| | mode during launch (consists | |
i | of indeterminate data) ] i
[ | N il
Table 1. GLL Telemetry Modes
Record Formats

Mnemonic | Data Rate | Primary Data Type |Bits 12-16| Reference
1 to DMS | | of FID | Paragraph
I I [ |

NONE | N/A | No data being recorded |[o 000G O | N/A
| | Low Rate Science I l
| | I [

LRS | 7.68 kbps | Low Rate Science at 7.68 Kbps|1 0 0 1 1 | 3.9.4
| | Medium Rste Science | |
| | | |

MPW | 28.8 xbps | PWws data at 7.68 Kbps, with |1 0 1 0 0 | 3.9.5
| | NIMS at 11.52 Kbps, and LRS | {
| | at 7.68 Kbps ] ]
] | ] |

MPP | 28.8 kbps | PwS data at 19.2 Kbps, with |0 1 1 1 0 | 3.9.5A
i | LRS at 7.68 Kbps | |
| | | !

MPR | 28.8 Kkbps | Probe/RRH data at 7.68 Kbps, {0 1 1 1 1 | 3.9.20
| | with NIMS at 11.52 Kbps, and | |
] | LRS at 7.68 Kbps | ]
1 | | |
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Table 1. GLL Telemetry Modes
Record Formats
Data Rate Primary Datas Type |Bits 12-16] Reference |
to DMS | of FID | Paragraph

High Rate Science

HPW 115.2 Kbps PUS data at 94.56 Kbps, with
NIMS at 11.52 Kbps, and LRS

at 7.68 Kbps

-
o
o
o
o

3.9.13

115.2 Kbps Imaging data at 94.56 Kbps,
with NIMS at 11.52 Kbps, and

LRS at 7.68 Kbps

-
o
o
(=]
-

3.9.11

HCM 115.2 Kbps

-
[~
o
-
(=]

Imaging data compressed to
77.76 Kbps, with NIMS ‘at
11.52 Kbps, and LRS at 7.68
Kbps

3.9.12

-
-
o
o
-

3.9.17
311.04 Kbps, with NIMS at
11.52 Kbps, and LRS at 7.68
Kbps

PUH4 403.2 Kbps PWS datas at 372.48 Kbps, with

NIMS at 11.52 Kbps, and LRS

at 7.68 Kbps

-
-
o
o
o

3.9.18

1M8 806.4 Kbps

-
o
-
-
o

Imaging data at 768 Kbps,
with NIMS at 11.52 Kbps, and
LRS at 7.68 Kbps

3.9.15

Al8 806.464 Kbps

-
o
ey
-
-

Imaging data averaged to 768
Kbps, with NIMS at 11.52
Kbps, and LRS at 7.68 Kbps

3.9.15A

PUB 806.4 Kbps PWS data at 768 Kbps, with
NIMS at 11.52 Kbps, and LRS

at 7.68 Kbps

-
o
-
(=]
-

3.9.16

| |
1 |
| |
| |
| |
| I
| |
I I
| |
| |
I |
| |
| |
I |
| |
| I
I |
| |
15,13 | 403.2 Kbps | Imaging data compressed to
[ |
| I
| |
[ |
I |
| |
| |
| |
| |
| |
| I
| I
| |
| |
| I
| |
| [
I |
| |
| |

e e e . — e w— —— — — —— — — ——— — — —— — — — — —— — — —— o— — — — — — —— —— — —— — —
e e e e e e s e S — — — —— — — — — — T — —— — — —— — — ———" — —— — —, ——— W — —

I
I
|
I
I
I
I
I
I
I
|
I
I
I
I
|
|
I
|
I
I
I
I
I
|
I
I
I
|
I
I
|
I
|
|
|
|
|
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Table 2. Allowable Combinations of
Real-time and Record Formats

- e e . e T - > = " — -~ — = = — ———— - " —— T — o o o 2

.1

R/T _Format | Rec Format |
ESS | None, LRS, MPR, HPW, HIM, HCH, |
] IM4, PW4, IM8, PWUB, MPP, MPW, AIB {
ELS | None, LRS, MPR, HPW, HIM, HCM, |
| IM4, PW4, IMB, PWUB, MPW, MPP, AI8, NCG |
EHR { None, LRS, MPR, HPW, HIM, HCH, |
| IM4, PW4, IMB, PW8, MPP, MPW, AIB ]
LPB | None . I
LRS | None, LRS, HIM, HCM, HPW, IM4, }
' | PW4, IM8, PUB, AL8, NCG |
MPB | None ]
KPW | None, MPW |
MPP | None, MPP |
MPR | None, MPR |
XPB | None |
XPuW | None, HIM, HCM, IM4, IMB, AIB, NCG ]
XCHM | None, WPW, PW4, PWB, NCG |
XED | None, HPW, PW4, PW8, NCG i
XPN | None : |
XRW | None, HIM, HCM, IM&, IM8, AIB, NCG |
HPB | None |
HPW | None, KIM, HCM, IM4, IM8, HPW, Al18, NCG |
HIM | None, HPW, PW4, PW8, HIM, NCG |
HCM | None, HPW, PW4, PW8B, HCM, NCG |
HCJ | None |
HPJ | Mone |
HRYW | None, HIM, HCM, IM&, IMB, HPW, Al8, NCG ]
BPB ] None |
None* | LRS, MPW, HIM, HCM, HPW, IM4&, PW4, IM8, PW8, AIB |
KPR | None |
LMF | Wone ]
NCG | None, HIM, HCM, IM&, IMB, AIB, KPW, PW4, PWB J
____________ e e |
Downlink telemetry data is not radiated from S/C.

Modulation

is removed

Engineering Jelemetry Modes

in MDS TMU output units.

It shall be possible (1)‘to acquire engineering data at 1200 b/s, (2)
to transmit engineering data at 10, 40, or 1200 b/s rates, and (3) to
record engineering data at 1200 b/s by using the standard LRS frame.

engineering-only mode shall be wused during launch
operations when the orbiter data is being included in the Shuttle or
1US data stream and when the TDRS is tracking the GLL S/C. It shalt
be possible to use this dsta stream mode during cruise operations.

The 1200 b/s

The 1200 b/s engineering data shall be available as a part of the LRS
data. It shatl be used during maneuvers, system testing, performance
monitoring and aiding in the diagnosis of inflight anomalies.
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It shall be possible to transmit at 40 b/s every 30th frame of the
1200 b/s wengineering. This 40 bps transmission shall be known as
“snapshot" engineering. The capability to transmit the snapshot data
uncoded over the S-band Llink shall exist continuously, and
simultaneously with any other data (including convolutionatly encoded
snapshot data) transmitted on the X-band link. The capability to
transmit the snapshot data convolutionally encoded over the S-band
and X-band links shall be available using real time commands from the
ground.

1t shall be possible to transmit at 10 b/s every 120th frame of the
1200 b/s engineering. This 10 b/s transmission shall be known as
"Engineering Low Rate Snapshot", The 10 b/s coded telemetry will be
transmitted over the high rate channel to the MDS. The capability to
transmit the engineering data at 10 b/s shall be available using real
time commands from the ground.

Iin those cases where EHR or ESS or ELS is being transmitted at a real
time rate of 1200 b/s, 40 b/s, or 10 b/s respectively, there shall be
an option to :

Record the real time LRS

Record LRS, NIMS and $SI at 115.,2, 403.2 or 806.4 kbps

Record LRS, NIMS and PWS at 115.2, 403.2 or 806.4 kbps

Record Probe/RRH at 7.68 kbps, with NIMS at 11.52 kbps and
LRS at 7.68 kbps

e: Record MPW, MPP, and AlS8.

an oo

Memory Readout.

Memory readout shall be accomplished by replacing a portion of the
variable area data in the Engineering frame with any of the
following: CDS memory readout data, the attitude and articutetion
control subsystem (AACS) memory data or the science subsystem memory
data. The CDS memory can contain 7.68 kbps DOMS playback data.

Science Telemetry Modes

The Galileo Orbiter shall be capable of operation in the science
telemetry modes as described in the following paragraphs. The
various options are shown in Table 1 and 2,

Low-Rate Science (LRS).

The LRS telemetry mode containing the fields and particles experiment
data shall be transmitted st a real-time date rate of 7.68 kb/s and
shall be included in real-time telemetry modes exceeding 7.68 b/s:
HRS, MRS, XRS, and BUS telemetry modes. LRS data shall <contain
engineering data at 1200 b/s. Selected portions of the LRS data
shall be Golay <coded whenever it is transmitted in real-time,
recorded on the DNS, or incorporated into other higher rate science
frames.
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In those cases where LRS is being transmitted at a real-time rate of
7.68 kb/s, there shall be options to:

a. Record the real-time LRS :
b. Record LRS, NIMS, and SSI at 115.2, 403.2 or 806.4 kbps
c. Record LRS, NIMS, and PWS at 115.2, 403.2 or 806.4 kbps

Medium-Rate Scien MR The MRS teiemetry mode shall be used for
(1) Probe checkout or entry -date or (2) PWS waveform data at a data
rate of 7.680 kb/s. MRS data shall contain LRS and NIMS data. It

shall be transmitted in real-time and recorded on the DMS for probe
entry data, and optionally recorded on the DMS for the PWS data or
probe checkout data.

Intermediate-Rate Science (XRS), The XRS telemetry mode shall
nominally be used to replace HRS when the telecommunications
performance will not support 115.2 kb/s. The data rate for these

modes shall be 67.2 kb/s or 80.64 kb/s.

The header, LRS, and NIMS bit atlocations shall be identical to the
KRS frames. The PWS or SSI data shall be included but at a reduced
rate. SSI1 data shall be edited or compressed.

In those cases where XRS is being transmitted in real-time, there
shall be options to:

a. While transmitting PWS, record SSI data at 115.2, 403.2,
and B06.4 kb/s. -

b. While transmitting $SI, record PWS data at 115.2, 403.2,
and 806.4 kb/s.

High-Rate Science (HRS). The HRS telemetry modes shall be capable of
being transmitted at a real-time data rate of 115.2 kb/s or 134.4
kb/s. These telemetry modes shall be common in that each <contains
LRS data at 7.68 kb/s, NIMS data at 11.52 kb/s and either PWS or SSI
at 94.56 kb/s.

In those .cases where HRS is being transmitted in real time, there
shall be options to:

a. While transmitting PWS, to record PWS at 115.2 kb/s or
record SSI at 115.2, 403.2, or 806.4 kb/s.

b. While transmitting SSI, to record SSI at 115.2 kb/s or
record PWS at 115.2, 403.2, or 806.4 kb/s.

Deleted

S-band Back-up Science (BUS). The BUS telemetry modes shall provide

reduced science data-return capability in the event of loss of X-band
downlink. These telemetry modes shall provide real time RS and
other TBD elements. One option shall provide a DMS playback.
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Playback (PB)

Except for the 7.68 kb/s downlink playback rate (which has no real-

time LRS data), the Galileo PB telemetry modes shatl be comprised of

real-time LRS data at 7.680 kb/s, with or without NIMS at 11.52 kb/s,

and the contents of the DMS. The playback telemetry modes shall be

downlinked at any of the following rates: 7.68, 16.8, 28.8, 67.2,

80.64, 115.2 or 134.4 kb/s. During playback the O0MS contents shall be
downlinked without any modification. The 7.68 kbps DMS playback data

can be copied into CDS memories and downlinked via memory readout.

Telemetry Data Formats

Generat

The GLL telemetry frames shall be structured in accordance with the
NASA Planetary Data Standards; specifically,

a. All frame lengths shall be multiples of 16 bits.

b. All data subsets within the frame shall be multiples of 8
bits. Unused bits shall be zero fitled with the data
portion right justified within the field.

c. The frame synchronization code shall be 32 bits.

d. Convolutional Code (K = 7, R = 1/2) shall be used.

e. Experimental convolutional Code (K=15, R=1/4) may be used
during portions of the mission.

In an attempt to retain flexibility to change bit rate allocations
among the various GLL subsystems, a generaltized concept of specifying
the format contained within the frame is being used. This concept
separately documents each subsystem allocation in the frame. Each of
these allocations is then concatenated to create the resultant frame
as seen in the downlink telemetry stream. All Oorbiter and ground
software shall be designed to easily accommodate <changes to
allocations and position in the downlink telemetry frame.

Header

The first 96 bits of each telemetry frame except KPR shall consist of
those necessary fields which enable frame synchronization,
identification and decommutation of the received data. The format of
the header is shown in Figure 3 and described in greater detail by
Table 4. The individual fields are described in paragraph 3.9.2.1
through 3.9.2.3. The KPR exception is described in paragraph 3.9.21.

———— — - — - — v . Dt S R . W T - -

| FRAME | FORMAT | SPACECRAFT |
| SYNCHRONI- | IDENTIFI- | crock |
] ZATION CODE | CATION | |
I | [ |
| (FSC) ] (FID) | (SCLK) |
I I I I
| 32 | 16 | 48 |
R —— S —— | I

Figure 3. Header
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Table 4. Header Format

—— . —— - — S A — " > - - Y S o T —— ——— T —— - —— . ——

Bits Offset to t

Data Description Frame Data Start Paragraph |

" Frame Synchronization Code 2. o 3.9.2.1 }
Format Identification 16 . 32 3.9.2.2 {
Spacecraft Clock 48 ‘ 48 3.9.2.3 }

.9.2.1 Frame Synchronization Code (FSC). The frame synchronization code shall

be comprised of 32 bits with the following pattern:

MSB
(Binary) 0000 0011 1001 000t 0101 1110 1101 0011
(Hexadecimal) 03915ED3

.9.2.2 Format Identification (FID). Each telemetry frame shall contain
format identification word which identifies the data being processed
and transmitted from the Orbiter. All data within the frame shall be

completely and unambiguously identifiable by the
identification, the S/ clock, and the pre-established
commutation sequence.

The data output concurrently with the change of the FID shall

immediately valid.

The structure of the FID is shown in Figure & and described

greater detail in Table 5.

.9.2.2.1 Real-time 1dentifier (R/T). Bits 1 through 5 shall indicate
real-time downlink rate and format, as shown in Table 1. 0On all
being placed onto the DMS, this field shall contain all zeros.
real time identifier shall be permitted to change only when the MOD91

count is 0, 13, 26, 39, 52, 65, or 78 and the MOD10 and MODS8
are zero. '

- ———— -~ —— - Y —— —— . - - . - - -

|Real-time |Memory |Commutation| Map |Record
|1dentifier |Readout| Map |Sequence|ldentifier
| | |identifier | Number |

Figure 4. Format ldentification
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Teble 5. Format Identification

] Data | Bits | offset to | |
| Description | Allocated | Data Start | Paragraph |
| —— [ ——— S — |
| Real-time | 5 i ] | 3.9.2.2.1 !
| identifier | | | |
! [ | I |
| Memory | 1 | 5 } 3.9.2.2.2 ]
| Readout | | ] |
I | I | I
| Commutation | 2 | 6 J 3.9.2.2.3 |
| Map | | | |
| Identifier | ] | |
I | | | I
|Map Sequence | 3 | 8 | 3.9.2.2.4 [
| Number | | | |
I | | l l
] Record | 5 ( 11 | 3.9.2.2.5 |
| | | l !
| [ l

3J.9.2.2.2

3.9.2.2.3

s o e o i i i e e o ———

Memory Readout (MRQ). Bit 6 of the FID shall identify the fact that

memory readout data has replaced the first 7 variable engineering
packets.

o
[}

Variable engineering is present
1 = Memory readout data is present

The MRO bit shall be set to 1 only concurrently with the start of a
real-time imaging cycle (RIM). The MRO bit may be reset to zero at
any time.

Commutation Mep ldentifier (CMI). Bits 7 and 8 shall identify the

commutation map currently being used to sample the S/C engineering
subsystem data. The assignment of these bits shall be as shown in
Table 6. :

The actual assignment of the mission phase commutation maps shall be
to one of the four available map allocations. The commutation map
shall identify the variable engineering packets, their timing
retationships, and their placement into the engineering format. The
details of these commutation maps are found in paragraph A2.2.

In the event that any on-board detected anomaly occurs which is
permitted to cause automatic chenging of commutation maps, the change

shall be to map O.

The CM! shall change only concurrently with the start of a RIM cycle.
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Table 6. Commutation Map !dentifier (CMI) Assignment

Commutation Assigned . |
Bits 7,8 Map Identifier Map Purpose
e e e e e e e e e e e I
00 o Anomaly Investigation |
I
01 1 Calibration |
|
10 2 Maneuvers |
|
11 3 Cruise/Encounter/

his CMI shall be used for any on-board detected anomaly which |
auses an automatic CMI change. |
________________________________________________________________ I

Map Seguence Number (MSN). Bits 9 through 11 shall represent the
number of times the specified commutation map (in bits 7-8) has
changed since the map was toaded in the S/C memory.

The <contents of this field shall increment by one each time the map
is used to transmit data in real-time where one or more changes have
occured since the last use of the map. The MSN shall <change only
concurrently with the start of a RIM cycle.

Record Identifier (REC). Bits 12 through 16 shall indicate the rate
and format of data being placed on to the DMS, as shown in Table 1.
In the event there is no dats being placed on the taspe recorder, this
field will contain all 2zeros. The Record Ildentifier shall be
permitted to change only when the MOD91 count is 0, 13, 26, 39, 52,
65, or 78 and the MOD10 and MOD8 counts are zero.

R/T and REC Allowable Combinations. Allowable combinations of real-

time and record identifiers are shown in Table 2.

Spacecraft Clock (SCLK). Each GLL telemetry frame shall contain a
S/C time field. The SCLK shall have the characteristic that it can
be directly used to determine time, identify asll measurements, and to
correlate events to within the time resolution of the S/C clock.

The SCLK shall mark the first bit of the frame synchronization code
time and shall represent the time interval in which the CDS collected
the instrument data contained within the frame. The SCLK is shown in
Figure 5 and is described in paragraphs 3.9.2.3.1 through 3.9.2.3.4.

I
| REAL-TIME IMAGE COUNT
I

| | I
MOD 91 COUNT | MOD 10 COUNT | MOD 8 COUNT |
(MOD 91) [ (MoD 10) | (MOD 8) |

I |

Figure 5. Spacecraft Clock
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Real-Time Image Count (RIM). This field is a 24 bit counter which
shall be incremented each 60-2/3s (corresponding to a real-time image
cycle). This <clock shall keep unambiguous account of time for 32
years. The starting value of the counter shall be initislized at
taunch and shall not be reset after launch except from the ground
after an interruption of power to the CDS memories. The maximum
value of the SCLK shall not roll-over until attaining the value
16777215.

Mod 91 Count (MOD91). The MOD91 counter is an 8 bit counter which
shall be incremented once every 2/3 s. This field shall range in
value from O through 90, with 0 corresponding to the start of the
real-time solid state imaging cycle. This field shall increment by
one every LRS frame.

Mod 10 Count (MOD10). The MOD10 counter is an 8 bit counter which
shall be incremented once each 66-2/3 msec. This field shall range
from O through 9, with the change to 2ero synchronous to the
incrementing of the MOD91 count. This field shall increment by | for
each frame transmitted or recorded at a telemetry rate greater than
7.68 kb/s. The MOD10 .count is synonymous MWith the Real-Time
Interrupt (RTI) in the CDS.

Mod 8 Count (MOD8). The MOD8 counter is an 8 bit counter which shall
be incremented once each 8-1/3 ms. The field shall range from O
through 7. With the change to 0 synchronous to the incrementing of
the MOD10 count. '

This fietd shall normally be zero in any frame being created at
telemetry rates less than or equaling 115.2 kb/s. For those frames
being routed to the DMS at rates exceeding 115.2 kb/s, the <counter
shall increment by one for each frame placed onto the DMS,.
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in 3.9.2.3.5.

600 b/s rate (LMF mode) described
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Table 7. Spacecraft Clock (SCLK) Progression (cont'd)
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KPR mode exception described in 3.9.2.3.5
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kb/s) |Real-Time|Record|(Modulo 30)] MOD91
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| I I I

L040%** | Yes | Mo | 0 | 0,30,60,
| I I ! | 29, 59,
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| | | 3 | 27, 57,
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| ] | 6 | 24, 54,
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| | | 14 | 16, 46,
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| | ] 16 | 14, 44,
| | | 17 | 13, 43,
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| | | 24 | 6, 36,
| | | 25 | 5. 35,
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} | ] 29 Joo1, 31,
I | I I

.




D

GLL~3-280 Rev.

”~
o
2
c
[~}
Qo
-
c
-]
[ ]
@
[ ]
-
[- ]
(-]
[N
-9
”~~
R
wd
(3]
(]
-
-
(3]
(-]
—
[S]
>
[
[ ]
(%8
L5 )
[}
Q
[ ]
-8
(%]

Table 7.

- ————————— — - " - ————————— — - - —— - T —— T —— — > " -

| i
t |
[} i |
[=Y 1O OO OO0 O 0000 000000000000 000000000000 OO0O0DO0OCOO0OCOOOLDO OO ]
o 1 [}
x ] |
| [}
| L}
— e e —— —— —— — —— ——— —— — ———— o —— {1t —— s i it e i, it e e e e . s i St i e st e e, e e St e et
] ]
[} I
2 ! |
-
o 1000 00 0O O0OO0O0O0 00O OUOOOOOOOOODOODOOOOLDOOOOOOOOOLOO®OOOODO 1
o 1 I
x ] |
[} |
[} |
i t
| ]
" “
- ] OO M N M= OO VY NMANT OONINTMeEe OO OINET N OONMNVYEITMNMNOO O O IN TN~ [}
o IO N v O NI O NN e 3 he o M M 0 Mm o MW O NI O NN O Mg hemnoO M 0 [2] “
o ] :
(=] [} [}
x [} 1
[} [}
| 1
| |
~ 1 1
(=] ls !
o~ } ]
Lad 1O =N M N OMN OO =M INMN OO e NN MINONMNOO«~NTINO OO NMSE ONMNDO N IN O D0 O [}
x [} - - e - e e = NNNNNNNMMM MMM MM S N DN NN NN NN “
- O 1
[ i [}
= 1L+ 4+ 4 4 2 4+ 4 + 4+ 4+ + 4+ 4+ 4 % 4+ 4 4 4 + 4 ¢+ ¢+ 4+ % %+ 3 4+ ¢+ 4+ 4 F P At “
T [}
-] € 6 €€ ECECCCcCECECECCELCECECCEeCEeCeETEECEeECECEeCECEeCeEEeCTCCcCECEeCTaCTEeCTCCEeECEEeCEERCCECLCECECECECEECEECLCECETCTCTCECTCTC “
x [}
~ | |
° ] |
I [} [}
o [ - |
o = [}
(] 1 |
x | '
© 1 ]
E [} I
- |
- ] [}
: [ [}
- 1e [}
< 1> [}
[ ] [} [}
o [} [}
> ] [}
e 1
- 1
v o vjo |
E & - ]
o @ 0o ]
—_ o M| - 1
L] o ]
- 1 ]

(=
o

RIM count when the MOD 91 count is

as the

is defined
asynchronous process so that RIM number can not be predetermined.

‘nt

42



D

GLL-3-280 Rev.

Spacecraft Clock (SCLK) Progression (cont'd)

Table 7.
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Spacecraft Clock Progression. The SCLK shall increment as shown in
Table 7 for each of the various telemetry rates, except the KPR mode
at 40 b/s and the LMF mode at 600 b/s. The KPR mode <consists
exclusively of alternate 1-0 data, i. e., no header; therefore, the
SCLK progression of Table 7 does not apply to this mode. See 3.9.21
for additional detail. The LMF mode consists exclusively of
indeterminate data, i.e., no header; therefore, the SCLK progression
of Table 7 does not apply to this mode. See 3.9.22 for additional
detail. The 10 b/s coded telemetry shall be enforced two MFs - after
the receipt of tetemetry mode change command. The first engineering
frame at 10 b/s will be whatever position is current within the RINM
and afterward every 120th engineering frame shall be downlinked.

ENG - Engineerin

The ENG frame shall be the carrier of S/C engineering data. The
- schematic of the ENG frame is shown in Figure 6 and described in
greater detail in Table 8.

I | I
| HEADER | ENGINEERING DATA |
| ' | I
| 96 | 704 |
[ i |
Figure 6. ENG Frame
Table 8. ENG Format
Bits Offset to |
escription Bits <---- gec ---> Start of Paragraph |
__________________ Frame 10 40 1200 __bate ______________ |
96 1.2 4.8 144 0 3.9.2 ]
|
ering 704 8.8 35.2 1056 96 A2.2 |
c—m e mmmm — |
800 10 40 1200 |
e ——————————— e e —————————— e |
Time (seconds) = 80 20 0.666 2/3 |

Source. The ENG frame shall exist in the downlink telemetry as a
result of:

a. Being transmitted at a real-time rate of 1200 b/s.
b. Being embedded at 1200 b/s in any LRS frame.

c. Being played back from the S/C tape recorder within any LRS frame.
d. Being transmitted at 40 b/s over the S-band downlink concurrently
with any other data being transmitted on the X-band link. This
40 b/s S-band mode shall be known as snapshot engineering.

e. Being transmitted at 10 b/s to the high rate channel of MDS.
f. Being transmitted at 40 b/s on X-band.
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ctontents. Each engineering frame shall contain data of the following
types:

a. Engineering subsystem ana(og, digital, and software measurements.
b. Spacecraft system level status measurements.
c. Selected science subsystem temperature measurements.

Spacecraft Clock Progression. The SCLK (see paragraph 3.9.2.3) in
successive ENG frames shall increment as shown in Table 9. Ihe table

is organized by Subcommutation Index ($1) and data rate.

The expressions for computing the engineering SI shall be as shown in
Table ¢.

ENG Frame Cheracteristics. The 40 b/s ENG frame shall exist in real-
time as a result of being collected at 1200 b/s but being transmitted
at the 40 b/s rate. This mode shall be known as snapshot engineering.
As a result of this mode, every 30th engineering frame created at

1200 b/s shatl be downlinked. The data contained within the 40 b/s
engineering frame shall represent a snapshot of the engineering data
contained within the EHR frame.

The 10 b/s ENG frame shall exist in real-time as a result of being
collected at 1200 b/s but being transmitted at the 10 b/s rate. This
mode shall be known as engineering low rate snapshot. As a result of
this mode, every 120th engineering frame created at 1200 b/s shall be
downlinked. The data contained within the 10 b/s engineering frame
shall represent a snapshot of the engineering data contained within
the EHR frame.

Table 9. Subcommutation Index (SI) Progression

_..1200 b/s or 40 b/s or 10 b/s snapshot of 1200 b/s*

| sl 1 RIM i MOD91 | Mopt0 | _ Mop8 _|
| 0 i 0 ] 0 I
] 1 i 1 0 0 |
{ 2 i 2 ] 0 |
i . . . 0 0 |
| . . . 0 0 ]
| . . . 0 ] |
| 90 i 90 ] 0 {
| |
{ S1 = MOD91 ]
e e e ———————— e e e I
» The SI expression and following table are valid for

all telemetry modes (see Table 1)
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3.9.4 LRS - Low-Rate Science
The LRS frame shall be the primsry carrier of the low-rate fields and
particles data and engineering data at 1200 b/s. The schematic of
the LRS frame is shown in Figure 7 and described in greater detail in
Table 10.
l GOLAY CIDED AREA --=-=-ev-===-secsmoeecocaacsocos ]
| I | | P ] I 1 | T I A I [
I |ensi-] || I | Pl | 1 R R R N I | 1
| pem-p | | st s | | | coe | Pl | T I I B I
|HEADER|ING | WVS | HIC [STATUS| PLS |STATUS| |[DDS|RESERVE| EFD | | EPD | PPR [MAG] [MAG] PWS | macs | |
[ I N A | I | R R O I |1
| bl lew]| | | I | I 1 ([ I I I 1
I R T I | Pl | |1 [ I IO I (I
I [ N | I 1| I I | I I I B I
] 9% |706|672) 9| 9% | 408 | 2 | j16] 6 | 40| | 208 [ |80 |80]160]| 92 | |
| | | | | | | | | 11 | 1 | |
\ / \ /
\ GOLAY / \ GOLAY /
PARITY SYMBOLS : PARITY SYMBOLS
(432 EACH) (432 EACH)
Figure 7. LRS Frame
3.9.4.1 Source. The LRS frame shall exist in the downlink telemetry as a

result of:

Being transmitted 8t a real-time rate of 7.68 kb/s as either
real-time data or plasyback data.

Being multiplexed in 512 bit groups (1/10 LRS) into all real-time
transmissions exceeding 7.68 kb/s.

Being embedded in S/C tape recorder playback frames when the data
was recorded at 7.68 kb/s. .

Being multiplexed in 512 or 64 (1/80 LRS) bit segments into all

frames recorded on the S/C tape recorder at rates exceeding 7.68
kb/s when these frames are being played back.
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Offset to Start of Datal]

I ! I
Data Description |_Bits | Bits |W/Golay W/0 Golay | Paragraph

|Frame | Sec | (After Removal |
] ] ] by Ground) |

Header [ 96 | 144 | 0 0 | 3.9.2
| I | l

Engineering Data | 704 | 1056 | 96 96 | A2.2
[ I | !

uvs | 672 | 1008 | 800 800 | A2.13
! I | I

HIC/EUV | 96 ] 144 | 1472 1472 |A2.6A/A2.68B
| I | I

SSI Status | 96 | 144 | 1568 1568 | A2.12
I I I I

PLS | 408 | 612 | 1664 1664 [ A2.9
| I I |

NIMS Status | 24 | 36 | 2072 2072 | 2.8
I | I |

Golay Parity | 432 | 648 | 2096 |
| | | !

DDs I 16 | 24 | 2528 2096 | A2.5
I | | |

Coded Reserve | 16 | 24 | 2544 2112 |
[ I I

EPD (Part 1) | 400 | 912 | 2560 2128 | A2.6

. | | | I

Golay Parity | 432 | 648 | 2960 |
I | | |

EPD (Part 2) | 208 | - - | 3392 2528 |
| ! | I

PPR | 144 | 216 | 3600 2736 | A2.10
! I | I

MAG (Part 1) | 80 | 240 | 3744 2880 | A2.7
I I I I

Golay Parity | 432 | 648 | 3824 |
l | I |

MAG (Part 2) | 80 | - - | 4256 2960 i
I | | I

PWS | 160 | 240 | 4336 3040 | A2.11
| | | !

AACS Position and | 192 | 288 | 4496 3200 | A2.4

Rate Data | i | i
! ) [ I

Golay Parity | 432 | 648 | 4688 |
| B | oo | |
|5120 | 7680 | (W/Golay) |
|3392 | 5088 | (W/0 Golay) |

____________________ USRS DRI P UU S R
Frame Time = 0.666 2/3 second




GLL-3-280 Rev. D

3.9.4.2 Spacecraft Ctock Progression, 'The SCLX (see paragraph 3.9.2.3) in .
successive LRS frames shall increment as shown below.

| LRS |
| M™inor Frame RIM MOD 91 MOD10 MOD8 |
e e e e e |
I I
] 0 i 0 0 ] |
| 1 i 1 0 0 |
| 2 i 2 0 0 |
| 3 i 3 0 0 |
] . . . i
| . . . . |
| . . . . |
| 89 i 89 0 0 |
] 90 i 90 0 -0 |
| ] i+ 0 0 0 |
] 1 i+1 1 0 ] |
| 2 i+i 2 0 (] |
| |
| I
| |

3.9.5 MPW - Medium-Rate Science, PWS Dats

The MPW frame shall be used for acquiring NIMS and PWS data for real-
time transmission and recording the data on the S$/C tape recorder.
The schematic of the MPW frame is shown in Figure 8 and described in
greater detail in Table 11.

| | | |

| HEADER | 1710 | NINS | PUS |FILLER]

| | LRs | | | |

| I | | I |

| 96 | 512 | 768 l 512 | 32 |
I I |

Figure 8. MPW Frame
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Table 11. MPW Format

-~ — T - — —  ———— — ——— —— " . . S T o > ="V e 4 W U TS " o " -

frame Time = 0.066 2/3 second |

| . _Bits Bits Offset to |
| Data Description Frame Sec PQata Start Paragraph |
| Header 96 1440 0 3.9.2 |
| l
| 1710 Low-Rate Science 512 7680 96 3.9.4 ]
| |
[ NiMs 768 11520 608 A2.8 |
I [
| Medium Rate PWS 512 7680 1376 A2.11 |
! I
| Fitler 32 480 1888 |
| —— mmeee |
| 1920 28800 |
|

I

!

3.9.5.1 Source. The MPW frame shall exist in the downlink telemetry either
in real-time or as a result of S§/C tape recorder playback.

3.9.5.2 Spacecraft Clock Progression. The SCLK (see paragraph 3.9.2.3) in
successive frames shall increment as shown below:

.

.
.
.

l RIM MOD 91 MOD10 Moons |
| l
| i Ci=any) .0 0 ] |
| i 0 1 0 |
] . . . :
| . . . .
] . . . |
| i 0 9 0 ]
| i 1 0 0 |
o i 1 1 0 |
] i . . . |
| i . . . |
| i . . . |
] i 90 8 0 |
| i 90 9 0 |
] i+ ] 0 0 |
| |
| |
| |
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mbedded Fram ujld . This frame <contains embedded LRS data.
This data shall be built into a structure identical to its real-time
equivalent.

The CDS shall embed 1/10 of a LRS frame (512 bits) into each of these
frames. There shall be a delay of one LRS frame time between the
collection and embedding of the LRS data. As a result of this delay,
the relationship between the SCLK in the frame and the SCLK in the
embedded LRS frame shall be as shown below:

Frame Containing 1/10 LRS Fframe Embedded LRS Frame
MOD 91 MOD10 MODS8 RIM MOD 91 MOD10 M0D8
0 0 0 i-1 90 0 0
1 0 0 i 0 ] 0
2 0 0 i 1 o 0
90 0 0 i 89 0 0

The expressions for computing the embedded LRS minor frame and
segment number within the frame are:

| 900 + 10*MOD 91 + MODIO |
S = Remainder of |_ ’ 910 |

LRS Minor Frame = Integer portion [S/10]

LRS Segment Number = Remainder of [S/10]
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‘ 3.9.5A MPP - Medium-Rate Science, PWS Data without NIMS
The MPP frame shall be used for acquiring PWS data for real time
transmission and recording the data on the $/C tape recorder. The
schematic of the MPP frame is shown in Figure 8A and described in

greater detail in Table 11A. "

o P — " - — ———— 0 > T A — - —— —— — —— — T = ——————

I | I I l

| HEADER | 1710 ] PWS JFILLER |~

I | LRs [ l [

| | I | l

| 96 | 512 | 1280 | 32 |

e e e I

Figure 8A. MPP Frame
Table 11A. MPP format

| Bits Bits Offset to i
| Data Description Frame Sec Data Start Paragraph |
| Header 96 1440 o 3.9.2 |
| |
| 1710 Low-Rate Science 512 7680 96 3.9.4 ]
I I
] Medium Rate PWS 1280 19200 608 Various |
| : |
| Fitler 32 480 1888 |
| ———m mmmee |
] 1920 28800 ]

| Frame Time = 0.066 2/3 second |

3.9.5A.1 Source. The MPP frame shall exist in the downlink telemetry either in
real-time or as a result of S§/C tape recorder playback.

3.9.5A.2 Spacecraft Clock Progression. The SCLK (see paragraph 3.9.2.3) in
successive frames shatl increment as described in paragraph 3.9.5.2.

3.9.5A.3 Embedded frame Build Up. This frame contains embedded LRS data. This
data shall be built into a structure identical to its real-time

equivalent as described in paragraph 3.9.5.3.
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3.9.6 MPB - Medium-Rate Playback

The MPB frame shall be used to carry S/C tape recorder playback

to the ground. The schematic of the MPB frame is shown
and described in greater detail in Table 12.

——————  — T — — — —— " - —— — - - - — > A S - e o " - ——

in Figure

! | I I
| HEADER | 1710 | PLAYBACK [FILLER]|
I | LRs | | |
I | | | |
| 96 | 512 | 1280 | 32 |
oo oo e o |
Figure 9. MPB Frame
Table 12. MPB Format
|- Bits Bits offset to
| Data Description Frame Sec Date Start Paragraph
| Header 96 1440 0 3.9.2
|
| 1710 Low-Rate Science 512 7680 96 3.9.4
|
| Ptayback Data - 1280 19200 608 Various
|
| Fitter 32 480 1888
| —— e
| 1920 28800
|

| Frame Time = 0.066 2/3 second

3.9.6.1 Source. The MPB frame shall exist in the downlink
exctusively in real-time.

3.9.6.2 Spacecrsft Clock Progression, The SCLK (see paragraph 3

successive frames shall increment as described in paragraph 3.9.5.2.

—— — — — — —— —— — —— —

telemetry

.9.2.3)

data

9

3.9.6.3 Embedded Frame Build Up, The MPB frame contains embedded LRS data.

This data shall be built into s structure identical to its real-time

equivalent as described in paragraph 3.9.5.3.
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3.9.7 XED - Intermediate-Rate Science, Compressed and Edited Imaging

The XED frame shall be used for acquiring NIMS and SSI data for real-
time transmission. The schematic of the XED frame is shown in Figure
10 and described in greater detail in Table 13.

HEADER 1/10 NIMsS COMPRESSED AND REED
LRS EDITED IMAGING SOLOMON
PARITY
SYMBOLS

96 512 768 2592 512

Figure 10. XED Frame

Table 13. XED Format

Bits Bits Offset to
Data Description Frame Sec Data Start Paragraph

Header 96 1440 o] 3.9.2
1/10 Low-Rate Science 512 7680 96 3.9.4
NIMS 768 11520 608 A2.8
Compressed and Edited 2592 38880 1376 A2.12
Imaging
Reed Solomon Parity 512 7680
Symbols

4480 67200
Frame Time = 0.066 2/3 second

3.9.7.1 Source. The XED frame shall exist in the downlink telemetry
exclusively in real-time.

3.9.7.2 Spacecraft Clock Progression. The SCLK (see paragraph 3.9.2.3) in
successive frames shall increment as described in paragraph 3.9.5.2.

3.9.7.3 Embedded Fgame Build Up., The XED frame contains embedded LRS data.

This data shall be built into a structure identical to its real-time
equivalent as described in paragraph 3.9.5.3.
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3.9.8 XcM - Intermediate-Rate Science, Compresgsed Imaging .

The XCM frame shall be used for acquiring NIMS and SSI data for real-
time transmission. The schematic of the XCM frame is shown in Figure
11 and described in greater detail in Table 14.

HEADER| 1/10 NIMS COMPRESSED REED
LRS IMAGING SOLOMON
PARITY
SYMBOLS

96 512 768 2592 512

Figure 11. XCM Frame

Table 14. XCM Format

Bits Bits Offset to
Data Description Frame Sec Data_Start Paragraph

Header 96 1440 0 3.9.2
1/10 Low-Rate Science 512 7680 " 96 3.9.4
NIMS 768 11520 608 A2.8
Compressed Imaging 2592 38880 1376 A2.12
Reed Solomon Parity 512 7680
Symbols

4480 67200
Frame Time = 0.066 2/3 second

3.9.8.1 Source. The XCM frame shall exist in the downlink telemetry
exclusively in real-time.

3.9.8.2 Spacecraft Clock Progregssion. The SCLK (see paragraph 3.9.2.3) in
successive frames shall increment as described in paragraph 3.9.5.2.

3.9.8.3 Embedded Frame Build Up. The XCM frame contains embedded LRS data.
This data shall be built into a structure identical to its real-time
equivalent as described in paragraph 3.9.5.3.
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3.9.9 XpW - Intermediate-~Rate Science, PWS
The XPW frame shall be used for acquiring NIMS and PWS data for real-~
time transmission. The schematic of the XPW frame is shown in Figure
12 and described in greater detail in Table 15.
HEADER 1/10 NIMS PWS
LRS
96 512 768 3104
Figure 12. XPW Frame
Table 15. XPW Format
Bits Bits Offset to
Data Description Frame Sec Data Start Paragraph
Header 96 1440 o 3.9.2
1/10 Low-Rate Science 512 7680 96 3.9.4
NIMS 768 11520 608 A2.8
PWS 3104 46560 1376 A2.11
4480 67200
Frame Time = 0.066 2/3 second

3.9.9.1 Source. The XPW frame shall exist in the downlink telemetry

3.9.9.

3.9.9.

exclusively in real-time.

2 Spacecraft Clock Progression. The SCLK (see paragraph 3.9.2.3) in

successive frames shall increment as described in paragraph 3.9.5.2.
3 Embedded Frame Build Up. The XPW frame contains embedded LRS data.

This data shall be built into a structure identical to its real-time
equivalent as described in paragraph 3.9.5.3.
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PB - Intermediate Plavback

3.9.10
The XPB frame shall be used to carry S/C tape recorder PB data to the
ground. The schematic of the XPB frame is shown in Figure 13 and
described in greater detail in Table 16.
HEADER /10 PLAYBACK FILLER
LRS
96 512 3840 32
Figure 13. XPB Frame
Table 16. XPB Format
Bits Bits Offset to
Data Description Frame Sec Data Start Paragraph
Header 96 1440 0] 3.9.2
1/10 Low Rate Science 512 7680 96 3.9.4
Playback Data . 3840 57600 608 Various
Filler 32 480 4448
4480 67200
Frame Time = 0.066 2/3 second

3.9.10.1

3.9.10.2

3.9.10.3

Change 1: 08/01/89

Source. The XPB frame shall exist in the downlink telemetry
exclusively in real-time.

Spacecraft Clock Progression. The SCLK (See paragraph 3.9.2.3) in

successive frames shall increment as described in paragraph 3.9.5.2.
Embedded Frame Build Up. The XPB contains embedded LRS data. This

data shall be built into a structure identical to its real-time
equivalent as described in paragraph 3.2.5.3.
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3.9.10A XRW - Intermediate-Rate Rea! Time PWS at 80.64 kbps.
The XRW frame shall be used for acquiring NIMS and PWS data for reat-
time transmission at 80.64 kbps. The schematic of the XRW frame s
shown in Figure 13A and described in greater detail in Tablg 16A.
[ | [ | | I
|HEADER] 1710 | NIMS | PuWS | FILLER |
I | trs | | [ !
I [ I | | |
] 96 | 512 ] 768 | 3104 | 896 J
| oo oo O I
Figure 13A. XRW Frame
Table 16A. XRW Format
| Bits Bits offset to |
] Data Description Frame Sec Data Start Paragraph |
| Header 96 1440 0 3.9.2 |
I I
| 1710 Low-Rate Science 512 7680 96 3.9.4 ]
! I
| NImMs 768 11520 608 A2.8 |
I , |
| PwWs 3104 46560 1376 A2.11 |
I I
| Filter 896 13440 4480 - - |
[ —ie emmed I
| 5376 80640 |
| e e e |
| Frame Time = 0.066 2/3 second » |
b e I
3.9.10A.1 Source. The XRW frame shall exist in the downlink telemetry

exclusively in real-time.

3.9.10A.2 spacecraft Clock Progression. The SCLK (see paragraph 3.9.2.3) in

successive frames shall increment as described in paragraph 3.9.5.2.

3.9.10A.3 Embedded Frame Build Up. Thé XRW frame contains embedded LRS data.

This dats shatl be built into a structure identical to its real-time
equivalent as described in paragraph 3.9.5.3.
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3.9.108 XPN - Intermediate-Rate Playback with NIMS at 80.64 kbps. .

The XPN frame shall be used to carry S/C tape recorder PB data to the
ground with LRS and NIMS data in real-time. The schematic of the XPN
frame is shown in Figure 138 and described in greater detail in Table

168.

| | | | I I

|HEADER] 1710 | NIMS | PLAYBACK | FILLER |

| | trs | I ! I

I I | | I I

| 96 | 512 | 768 ] 3840 | 160 |

| [ |

Figure 138. XPN Frame
Table 16B. XPN Format
| Bits Bits Offset to
| Data Description Frame Sec Data Start Paragraph_ |
| Header 96 1440 0 3.9.2 |
I |
| 1710 Low-Rate Science 512 7680 96 3.9.4 |
I I
| NIMS 768 11520 608 A2.8 |
I I
| Playback 3840 57600 1376 Various |
| ‘ .
| Fitler ‘ 160 2400 5216 .- |
I ceme oo !
| 5376 80640 ]
[ S I
| Frame Time = 0.066 2/3 second |
R e m e m—— e —— e ————————— e I
3.9.108.1 Source. The XPN frame shall exist in the downlink telemetry
exclusively in real-time.

3.9.108.2 Spacecraft Clock Progressiod. The SCLK (see paragraph 3.9.2.3) in

successive frames shall increment as described in paragraph 3.9.5.2.
3.9.108.3 Embedded Fframe Build Up. The XPN frame contains embedded LRS data.

This data shall be built into a structure identical to its real-time
equivalent as described in paragraph 3.9.5.3.
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3.9.11 HIM_- High-Rate Science, Imaging

The HIM frame shall be used for acquiring NIMS and Imaging data for
real-time trasnsmission and/or recording on the S/C tape recorder.
The schematic of the HIM frame is shown in Figure 14 and described in
greater detail in Table 17.

e e s e e e S o o T " — - ——— — —— = ————— —

I | | | I

[HEADER| 1710 | NIMS | IMAGING |

I [ tes | I I

I | I I |

| 96 |} 512 ] 768 | 6304 ]

R R e e I

Figure 14. HIM Frame
Table 17. HIM Format

| Bits Bits Offset to i
] Data Description Frame Sec Data_Start Paragraph |
| Header 96 1440 0 3.9.2 ]
I I
| 1710 Low-Rate Science 512 7680 96 3.9.4 |
I : !
] NIMS 768 11520 608 A2.8 ]
l |
| Imaging 6304 " 94560 11376 A2.12 |
I SO — |
[ 7680 115200 i
b et e e ————————— e —————— |
| Frame Time = 0.066 2/3 second ]
et e D I
3.9.11.1 Source. The HIM format shall exist in the downlink telemetry either

in real-time or as a result of §/C tape recorder playback.

3.9.11.2 Spacecraft Clock Progression. The SCLK (see paragraph 3.9.2.3) in

successive frames shall increment as described in paragraph 3.9.5.2.

3.9.11.3 Embedded Frame Build Up. The HIM frame contains embedded LRS data.
This data shall be built into a structure identical to its real-time

equivalent as described in paragraph 3.9.5.3.
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3.9.12 HCM - High-Rate Science, Compressed lmaging : .

The HCM frame shall be used for acquiring NIMS and lmagiﬁg for real-
time transmission. The schematic of the HCM frame is shown in Figure
15 and described in greater detail in Table 18.

I I I | 1 I I I Fo
|HEADER| 1/10 | NIMS | COMPRESSED |REED | COMPRESSED |[REED |t |
| | LRS | | IMAGING | SOLOMON| IMAGING JsoLoMON] L |
| | | i JPARITY | jPArRITY | L |
| | | | |sYuBOLS| |symsoLs| E |
I I I I I I | I &
I I | | ! I ! P
| 96 | 512 | 768 | 2592 | s12 | 2592 | 512 |96 |
[ — R SR PR S [ — S J—
Figure 15. HCM Freme
Table 18, HCMW Format

] - Bits Bits Offset to T |

] Dats Description Frame _Sec Date Start Paragraph_| .
| Header 96 1440 0 3.9.2 |

| I

| 1710 Low-Rate Science 512 7680 96 3.9.4 | ;
| | | @
| NIMS 768 11520 608 A2.8 |

| I

| Compressed Imaging 2592 38880 1376 A2.12 |

| I

| Reed Solomon Parity 512 7680 3968 A2.12 |

| Symbols I

[ |

| tompressed Imaging 2592 38880 4480 A2.12 |

I I

| Reed Solomon Parity 512 7680 7072 A2.12 i

| symbols [

| I

] Fittler 96 1440 7584 ]

| S — !

] 7680 115200 |

e |

| Frame Time = 0.066 2/3 second |

U . . I

3.9.12.1 Source, The HCM frame shall exist in the downlink telemetry

exclusively in real-time.
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Spacecraft Clock Progression. The
successive frames shail increment as shown below:

RIM M0D91 MOD10 MOD8 Picture Ltine

i 0 0 0 0 0,1

i 0 1 0 0 2,3

i 0 9 0 0 18,19

i 1 0 0 0 20,21

i 45 4 0 0 908,909

i 45 5 1 0,1

i 90 9 0 1 908,909
The expressions corresponding to this table are:

S = 2*((10*MOD91) + MOD10)

PICTURE = 1Integer of [$/910]
LINE LEFT = Remainder of (S/910]
LINE RIGHT = [Remajnder of [S/910) +1

Embedded Frame Build Up.
This data shall be built into a structure identical

equivalent as described in paragraph 3.9.5.3.
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3.9.12A HCJ - High-Rate Science,

3.

3.

3.

Compressed Imaging and PWS

The HCJ frame shall be used for acquiring NINS, PWS and
The schematic of the HCJ frame

real-time transmission.
Figure 15A and described

in greater detail

in Table 18A.

Imaging for
is shown in

9.12A.1 Source. The HCJ frame

exclusively in real-time.

9.12A.2 Spacecraft Clock Progression.

successive frames shall

9.12A.3 Embedded Frame Build Up,

increment as described

62

shall exist

I | I I I I | | F I I

|HEADER| 1/10 | NIMS | COMPRESSED |REED | COMPRESSED |REED | 1 | PWS |

| | RS | | IMAGING  |SOLOMON| IMAGING  |SOLOMON| L | |

| | | | |PARITY | |PARITY | L | |

| | | i |syuBoLS| |symBoLs| E | |

I I | | | I | L |

I I I I I I I

| 96 | S12 | 768 | 2592 | 512 | 2592 | 512 |[512| 864 |

I I | I I ! I l—I I

Figure 15A. HCJ Frame
Table 18A. HCJ Format

Bits Bits offset to |
Data Description Frame Sec Data Start Paragraph |
Header 96 1440 0 3.9.2 ]
|
1/10 Low-Rate Science 512 7680 96 3.9.4 i
I
‘NIMS 768 11520 608 A2.8 |
|
Compressed Imaging 2592 38880 1376 A2.12 ]
I
Reed Solomon Parity 512 7680 3968 A2.12 |
Symbols |
I
Compressed Imaging 2592 38880 4480 A2.12 |
|
Reed Solomon Parity 512 7680 7072 A2.12 |
Symbols |
I
Filler 512 7680 7584 .- ]
I
PWS 864 12960 8096 |
c——e memee l
8960 134400 |

in the downlink telemetry

The SCLK (see paragraph 3.9.2.3) in

in paragraph 3.9.5.2.

The HCJ frame contains embedded LRS data.
This data shall be built into a structure identical to

its real-time
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3.9.13 HPW -_High-Rate Science, PWS,. The HPW frame shall be used for

acquiring NIMS and PWS data for real-time transmission and/or
recording on the S/C tape recorder. The schematic of the HPW frame

is shown in Figure 16 and described in greater detail in Table 19.

T i s S T T e . Y T T  — A T —_ —— T —— ——— " — ——— . —— o ———

| | I I
[HEADER| 1710 | NIMS | PWS |
| ) trs | | I
| | | | |
| 96 | 512 | 768 | 6304 |
| D O S S |
Figure 16. HPW Frame
Table 19. HPW Format
| Bits Bits offset to |
| Data Description Frame Sec Data Start Paragraph |
| Header 96 1440 ] 3.9.2 }
I I
] 1710 Low-Rate Science 512 7680 96 3.9.4 |
| |
| NIMS ‘ 768 11520 - 608 A2.8 |
[ |
| pus 6304 94560 - 1376 A2.11 |
| e e l
| 7680 115200 ]
e e e e e e e e e e e e e e e e e |
| fFreme Time = 0.066 2/3 second |
D e e e e e e e e |
3.9.13.1 Source. The HPW frame shall exist in the downlink telemetry either

in real-time or as a result of S/C tape recorder playback.

3.9.13.2 spacecraft Clock Progression. The SCLKX (see paragraph 3.9.2.3) in
successive frames shall incremént as described in paragraph 3.9.5.2.

3.9.13.3 Embedded Frame Build Up. The HPW frame contains embedded LRS data.
This data shall be bujlt into a structure identical to its real-time
equivalent as described in paragraph 3.9.5.3.
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3.9.14 HpB - Bigh-Rate Playback

The HPB frame shall be used to carry S/C recorder playback data to
the ground. The schematic of the HPB frame is shown in Figure 17 and
described in greater detail in Table 20,

| I I

|HEADER| 1710 | PLAYBACK JFILLER|

| | ors | | |

! I I I |

| 96 | 512 | 6720 | 352 |

[ | e . I

Figure 17. HPB Frame
Table 20. HPB Format

[ Bits Bits offset to |
| Data Description Frame Sec Dats Start Paragraph |
| Header 96 1440 0 3.9.2 |
I ' !
| 1710 Low-Rate Science 512 7680 96 3.9.4 |
I |
| Playback Data , 6720 100800 608 various |
I |
] Filler Data 452 5280 7328 |
I —— e l
| 7680 115200 |
|

| Frame Time = 0.066 2/3 second |

l - —— —— T —— T — — - o - . S - - - - - - - = . A - — - — I

3.9.14.1 Source. The HPB frame shall exist in the downlink telemetry
exclusively in real-time.

3.9.14.2 Spacecraft Clock Progresgsion, The SCLK (see paragraph 3.9.2.3) in
successive frames shall increment as described in paragraph 3.9.5.2.

3.9.14.3 Embedded Frame Build Up. The HPB frame contains embedded LRS data.

This data shall be built into a structure identical to its real-time
equivalent as described in paragraph 3.9.5.3.
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I‘I' 3.9.14A

HRW - High-Rate Real Time PWS at 134.4 kbps.

The HRW frame shall be used to carry LRS, NIMS and PWS data to the
ground at the high data rate of 134.4 kbps in real time. The
schematic of the HRW frame is shown in Figure 17A and described in

greater detail in Table 20A.

I I | I I I
|HEADER| 1710 | NINMS } PUS | FILLER |
| | trs | [ I I
I I | | | I
| 96 | 512 | 768 | 6304 | 1280 i
R e e !
Figure 17A. HRW Frame
Table 20A. HRW Format
| Bits Bits offset to |
| Data Description frame Sec Data_Start Paragraph |
| Header 96 1440 0 3.9.2 |
I I
| 1/10 Low-Rate Science 512 7680 96 3.9.4 |
! I
. ] NIMS 768 11520 608 A2.8 !
I |
| pus 6304 94560 1376 A2.11 |
| ' I
| Fitler 1280 19200 8096 ]
I mee - I
| 8960 134400 |
b e e e I
| Frame Time = 0.066 2/3 second |
| e e |
3.9.14A.1 Source. The HRW frame shall exist in the downlink telemetry

exclusively in real time.

3.9.14A.2 Spacecraft Clock Progression. .

The SCLK (see paragraph 3.9.2.3) in

successive frames shall

3.9.14A.3 Embedded Frame Build Up.
This dats shall be buil

equivalent as described

increment as described

in paragraph 3.9.5.2.

The HRW frame contains embedded LRS data.
t into a structure identical to its real-time
in paragraph 3.9.5.3.
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.9.148 HPJ - High-Rate Playback with NIMS and PWS at 134.4 kbps.

The HPJ frame shall be used to carry S/C recorder playback data to
the ground with LRS, NIMS, and PWS dats in real time. The schematic
of the HPJ frame is shown in Figure 178 and described in greater
detsil in Table 208.

| I | | | |
|HEADER]| 1710 | NIMS | PLAYBACK | PNS |
| | s | | | |
| | | | | l
| 96 | s12 | 768 | 6720 | 864 |
R S e I
Figure 178. HPJ Frame
Table 208. HPJ Format
Bits Bits oOffset to |
Date Description Frame Sec Dats Start Paragraph |
Header 96 1440 0 3.9.2 |
I
1/10 Louw-Rate Science 512 7680 96 3.9.4 |
|
NIMS 768 11520 608 "A2.8 |
' I
Playback 6720 100800 1376 Various |
I
PUusS 864 12960 8096 A2.11 ]
—— m——— |
8960 134400 |
___________________________________________________________________ |
Frame Time = 0.066 2/3 second |
___________________ e e e e e |
.9.148.1 Source. The HPJ frame shall exist in the downlink telemetry

exclusively in real time.

.9.14B.2 Spacecraft Clock Progression. The SCLK (see paraéraph 3.9.2.3) in
successive frames shall increment as described in paragraph 3.9.5.2.

.9.148B.3 Embedded Frame Build Up. The HPJ frame contains embedded LRS data.

This data shall be built into a structure identical to its real-time
equivalent as described in paragraph 3.9.5.3.
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. 3.9.15 IM8 - Imaging Recorded at 806.4 kb/s

successive frames shall

increment as shown in Table 22.

67

The 1IM8 frame shall be used to,record SSI data at 806.4 kb/s, The
schematic of the IM8 frame is shown in Figure 18 and described in
greater detail in Table 21.
I I | I | I
|HEADER| 1/80 | 1/8 | FILLER | IMAGING |
| ] Lrs | NIMS ] | |
I I I I : | I
| 96 | 64 | 96 | 64 | 6400 |
[ e | e . oo m [
Figure 18. 1IM8 Frame
Table 21, IM8 Format
] Bits Bits offset to |
| Data Description Frame Sec Data Start Paragraph |
| Header 96 11520 0 3.9.2 |
| |
| 1780 Low-Rate Science 64 7680 96 3.9.4 |
| I
| 178 NIMsS 96 11520 160 A2.8 |
, | |
. | Filler Data 64 7680 256 ]
I |
| Imaging 6400 768000 320 A2.12 |
| ——— m——_—— I
] 6720 806400 |
e e e e e e e e e e |
| Frame Time = 0.008 1/3 second |
| e e e e e I
3.9.15.1 Source_. The IM8 frame shall exist in the downlink telemetry
exclusively as a result of S/C tape recorder playback.
3.9.15.2 Spescecraft Clock Progression The SCLK (see paragraph 3.9.2.3) in
space qression.
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Table 22. IM8 Spacecraft Clock Progression

| RI1M | MOD91 | MOD10 | MOD8 | Picture | Line |
| P PR . e [ I
| i 0 | ] lo,1,2, ..., 7| ] | 0,,2, ..., 7

| i | (] | 1 jJo,%,2, ..., 7 | 0 | 8.9,10, ..., 15 |
S I I : |- | |
T : | . | : |
[ N T [ | : 1
I i | o | 9 Jo,1,2, ..., 7] o | 72,73,74, ..., 79 |
I i | 1 ] o [0,%,2, ..., 7| 0O | 80,81,82, ..., 87 |
T I : | | : |
I T I : | | : |
I N . I | : |
] i | 12 | 9 Je,t,2, ..., 7| 0 ] 1032,1033, ..., 1039 |
| i | 13 | ] jo, 1,2, ..., 7| 1 | 0,1,2, ..., 7 |
| . | . I | . | . I
I R . Foo- [ . |
R e R . . | . |
| i | 90 i 9 Jo,1,2, ..., 7] 6 ] 1032,1033, ..., 1039 |

I [ I I I

The expressions corresponding to Table 22 are

S = 8¢(10*M0OD91 + MOD10) + MODS
PICTURE = Integer Portion of [$/1040)
LINE = Remainder of [S$/1040)

3.9.15.3 Embedded Frame Build Up. The IM8B frame contains two embedded data
types: LRS and NIMS. Each of these data types shall be built into

structures identical to their real-time equivalent.

3.9.15.3.1 LRS. Each IM8 frame contains one segment of an LRS frame. Eighty
(80) segments are required to cresate the real-time equivalent LRS
frame.

The C0S shall embed 1/80 of a LRS frame (64 bits) into each of these
frames. There shall be a delay of one LRS frame-time between the
cotlection and embedding of the LRS data into the frame. As a result
of this delay, the relationship of the SCLK in the frame and the SCLK
in the embedded LRS frame shall be as shown below.

Frame Containing 1/80 LRS Frame Embedded LRS Frame

RIM MOD91 MOD10 MoD8 RIM MOD91 MOD10 MODB8
i 0 1 0 i-1 90 0 0
i 1 1 0 i 0 0 0
i 2 1 0 i 1 0 0
i 90 1 0 i 89 0 0
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The expressions for computing the LRS minor frame and
segment number with the minor frames are:

7194 0:§£10’HOD91 + MOD10) + MODS8
S = Remainder of 7280

LRS Minor Frame = Integer [$/80}
LRS Segment Number = Remainder of (S/801}
3.9.15.3.2 NIMS. €Each frame contains one segment (96 bits) of a NIMS real-time

pscket. Eight (8) segments are required to create the real-time
equivalent NIMS frame.

The S/C clock of the frame which contains the first of B segments of
the embedded NIMS frame is shown below.

Frame Conteining 1/8 NIMS Frame Embedded NIMS Frame

RIM MOD91 MOD10 MOD8 RIM MOD9 1 MOD10 MOD8
i 0 0 0 i-1 90 0 0
i ¢} 1 0 i 0 1] 0
i 0 2 4} i 0 1 0
i 0 9 0 i 0 8 0
i 1 0 0 i 0 9 0
i 1 1 0 i 1 4] 0
i 90 9 0 i 90 8 0

The expressions for computing the NIMS data packet and segment number
within the packet are:

7272 + 8(10*MODP1 + MOD10) + MODS
S§ = Remainder of 7280

NIMS Minor fFrame = Integer Portion of [S§/81

NIMS Segment Number = Remainder of [$/8)
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J.9.15A A - Imaging Recorded at 806.4 kb/s .

The Al8 frame shall be used to record averaged SSI data at 806.4
kb/s. The schematic of the Al8 frame is shown in Figure 18A and
described in greater detail in Table 22A.

I ! I I |

|HEADER| 1/80 | 1/8 | FILLER | IMAGING |[IMAGING]|

| | LrRs | LALE | | | I

| | | | | | [

| 96 | 64 | 96 ] 64 ] 3200 ] 3200 |

S [ S — R S —— [ I

Figure 18A. AlI8 Frame
Table 22A. Al8 Format

| Bits offset to |
| Data Description Frame Sec Data Start _Paragraph |
| Header 96 11520 0 3.9.2 |
! I
| 1/80 Low-Rate Science 64 7680 96 3.9.4 |
| I
| 178 NIMS 96 11520 . 160 A2.8 |
| ‘ |
| Filler Data 64 7680 256 | ‘
I |
| Imaging 3200 384000 320 A2.12 |
| I
| Imaging 3200 384000 3520 A2.12 |
I SR I
| 6720 806400 |
d e e e |
| Frame Time = 0.008 1/3 second |
e e e e I
3.9.15A.1 Source, The Al8 frame shall exist in the downlink telemetry

exclusively as a result of S/C tape recorder playback.

3.9.15A.2 Spscecraft Clock Progression. The SCLK (see paragraph 3.9.2.3) in
successive frames shall increment as shown in Table 22B.
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Table 22B. Al8 Spacecraft Clock Progression

| RIM | MOD91 | MOD10 | MoD8 | Picture
| lemomee e U oo e e
| i | 0 ] ] jJo, 1,2, ..., 7] ]
| i) 0 ] 1 16,1,2, ..., 7| 0
I T - I
I . . | . { . i .
I - . | . | . | .
] i | o | 9 Jo,1,2, ..., 7| o
R T I | o |o,1,2, ..., 7| o
i . | . | . | .
| T : |-
| IS I : -
ii ] 3 | 9 lo,1,2, ..., 7] o
| 4 | (] jo,1,2, ..., 7| 1
PR I IR : |-
| S B : |-
| . | . | . | .
I 6 ] 9 lo,1,2, ..., 7| 1
] i} 7 | o j0,1,2, ..., 7| 2
|| . | . | . | .
| . | . i . ] .
I P : I
| i | 9o | 9 jo,1,2, ..., 7| 26
I | | |

—— e e e | e s e | i o e e e -

3.9.15A.3 Embedded Freme Build Up. The

types: LRS and NIMS. Each of these data types shall

- - - - -

Al8 frame contains two embedded
be builtt

—— o ————— — ———— - — ————— -

0,1,2, ..., 15
16,17,18,...,31

144,145,146, ...,159
160,161,162, ...,175

624,625,626,...,639
0,1,2, ...,15

464 ,465,666,...,479
0,1,2, ...,15

464 ,665,466,...,479

structures identical to their real-time equivalent.

3.9.15A.3.1 LRS. The embedded LRS data is as described in paragraph

3.9.15.3.1.

3.9.15A.3.2 NIMS. The embedded NIMS
paragraph 3.9.15.3.2.
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PWB - PWS Recorded at B806.4 kb/s
The PW8 frame shall be used to record PWS dsta at B806.46 kbss. The
schematic of the PW8 frame is shown in Figure 19 and described in
greater detail in Table 23.
| | | I | |
fHEADER| 1/80 | 1/8 | FILLER | PWS ]
| | LrRs | NIMS | | ]
| | [ | | |
| 96 | 64 | 96 | 64 ] 6400
oo [ e S e |
Figure 19; PW8 Frame
Table 23. PW8 Format
| Bits Bits offset to |
| Data Description Frame -Sec Data_Start ___Paragraph |
| Header 96 11520 0 3.9.2 |
[ |
| 1/80 Low-Rate Science 64 7680 96 3.9.4 |
| [
] 1/8 NINMS 96 11520 160 A2.8 |
| I
| Filler Data 64 7680 256 ]
I |
| Pus 6400 768000 320 A2.11 |
| ——— em——— |
| 6720 806400 |
e e ———————————— e e I
| Frame Time = 0.008 1/3 second |
e e e e e e I
3.9.16.1 Source, The PWB8 frame shall exist in ¢the downlink telemetry
exclusively as a result of S/C tape recorder playback.
3.9.16.2 Spacecraft Clock Pr o The SCLK (see paragraph 3.9.2.3) in
successive frames shall increment as described in paragraph 3.9.15.2.
3.9.16.3 Embedded Frame Buijld Up. The PWB frame contains two embedded data

3.9.16.3.1

types: LRS and NIMS. Each of these data types shall be built into
structures identical to their real-time equivalent.

LRS. Each PU8B frame contains one segment of an LRS frame,. Eighty
(80) segments are required to create the resl-time equivalent LRS
frame as described in paragraph 3.9.15.3.1.

3.9.16.3.2 NIMS. Each PW8 frame contains one segment of a NIMS real-time

frame. Eight (8) segments are required to creste the real-time
equivalent NIMS frame as described in paragraph 3.9.15.3.2.
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3.9.17 M4 - Compresse aging Recorded at 403, kb/s

The 1IM4 frame shall be used to record SSI data at 403.2 kb/s. The
schematic of the IM4 frame is shown in Figure 20 and described in

greater detail in Table 24.

o — — ————— — —— — — " - - = - —— -

I | I | : I |

|HEADER]| 1/80 | 1/8 | COMPRESSED |REED |

| | LRs |} NINS | IMAGING jsoLOMON |

| | | ] . |PARITY |

| | | [ |sYmBoLs|

! I | I I I

| 96 | 64 | 96 | 2592 | s12 |

[ [ . |

Figure 20. (M4 Frame
Table 24. IM4 Format
| Bits Bits Offset to |
Data Description Frame Sec Dats Start Paragraph

| am ] l
| Header 96 11520 (] 3.9.2 ]
I I
| 1780 Low-Rate Science 64 7680 96 3.9.4 ]
I I
] 1/8 NIMS 96 11520 160 A2.8 ]
I |
| Compressed Imaging 2592 311040 256 A2.12 |
I - I
| Reed Solomon Parity 512 61440 2848 i
| symbols e el |
| 3360 403200 |

| Frame Time = 0.008 1/3 second l

3.9.17.1 Source. The 1M4 frame shall exist in the douwnlink
exclusively as a result of S/C tape recorder playback.

telemetry

3.9.17.2 Spececrsft Clock Progression. The SCLK (see paragraph 3.9.2.3) in
successive frames shall increment as described in paragraph 3.9.15.2.

3.9.17.3 Embedded Frame Build Up. The [IM4 frame contains two embedded data
types: LRS and NIMS. Each of these data types shall be built into

structures identical to their reat-time equivalent.

3.9.17.3.1 LRS, Each IM4 frame contains one segment of an LRS frame.

Eighty

(80) segments are required to create the real-time equivalent LRS

frame as described in paragraph 3.9.15.3.1.

3.9.17.3.2 NIMS. Each IM4& frame contains one segment of a8 NIMS
frame. Eight (8) segments are required to create the
equivalent NIMS frame as described in Paragraph 3.9.15.3.2,
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3.9.18 PW4 - PWS Recorded at 403.2 kb/s '

The PW4 frame shall be used to record PWS data at 403.2 kb/s. The
schematic of the PW4 frame is shown in Figure 21 and described in
greater detail in Table 25.

I I I I

|HEADER| 1/80 | 1/8 | PuS |

| | LrRs | NINMS | |

I I I I |

| 96 | 64 | 96 | 3104 |

[ O S R I

Figure 21. PW4 Frame
Table 25. PW4 Format

| Bits Bits Offset to
] Data Description Frame Sec Dats Start Paragraph |
| Header 96 11520 0 3.9.2 |
| l
| 1780 Low-Rate Science 64 7680 96 3.9.4 |
! I
| 1/8 NIMS 96 11520 160 A2.8 [
I I
| Pus 3104 372480 256 A2.11 |
[ e memeo |
| 3360 403200 |
| o e e I
| Frame Time = 0.008 1/3 second |
| e e e I
3.9.18.1 Source. The PW4& frame shall exist in the downlink telemetry

exclusively as a result of S/C tape recorder playback.

3.9.18.2 Spacecraft Clock Progression. The SCLK (see paragraph 3.9.2.3) in
successive frames shall increment as described in paragraph 3.9.15.2.

3.9.18.3 Embedded Frame Build Up. The PW4& frame contains two embedded data
types: LRS and NIMS. Each of these data types shall be built into

structures identical to their real-time equivalent.

3.9.18.3.1 LRS. Each PW4 frame contains one segment of an LRS frame. Eighty
(80) segments are required to create the real-tim equivalent LRS
frame as described in paragraph 3.9.15.3.1. :

3.9.18.3.2 NIMS. Each PW4 frame contains one segment of & NIMS real-time
frame. Eight (8) segments are required to create the real-time
equivalent NIMS frame as described in paragraph 3.9.15.3.2.
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.9.19 BPB_- Backup Science, Playback

The BPB frame shall be used to carry S/C tape recorder playback data
to the ground. The schematic of the BPB frame is shown in Figure 22

and shown in greater detail in Table 26.

| HEADER | 1/10 LRS | PLAYBACK |
| | | |
[ 96 | 512 ] 512 |
| | e | e |
Figure 22. BPB Frame
Table 26. BPB Format
Bits Bits Offset to
Data Description Frame Sec Data Start Paragraph
Header 96 1440 0 3.9.2
1/10 Low-Rate Science 512 7680 96 3.9.4
Playback data 512 7680 608 Various
1120 16800
Frame Time = 0.066 2/3 second o
.9.19 .1 Source. The BPB frame shall exist in the downlink

exclusively in real-time.

telemetry

.9.19.2 Spacecraft Clock Progression, The SCLK (see paragraph 3.9.2.3) in

successive frames shall increment as described in paragraph 3.9.5.2.

.9.19.3 Embedded Frame Buildup. The BPB frame contains embedded

LRS data.

This data shall be built into a structure identical to its real-time

equivalent as described in paragraph 3.9.5.3.
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3.9.20 MPR - Medium-Rate Science, Probe Data. » ‘

The MPR frame shall be used for acquiring NIMS and Probe data for
real-time transmission and recording the data on the §S/C tape
recorder. The schematic of the MPR frame is shown in Figure 23 and
described in greater detail in Table 27.

I I I I I
[HEADER| 1/10 | NINMS | PROBE OR | FILLER |
| | LrRs | | GOLAY SYMBOLS* | |
| | | - ! |
| 96 | 512 | 768 | 432 | 112 |
P [ R S | e I |
*Data in even minor frames; parity symbols in odd minor frames

Figure 23. MPR Frame

Table 27. MPR Formst

- - —— ——  —— — — — . - > - — . fon . A - - S - o - - > - — - > Y - — - —— -

| Bits Bits offset to ]

| Data Description Erame Sec Data Start Paragraph_|

| Header 96 - 1440 0 3.9.2 |

I |

| 1710 Low-Rate Science 512 7680 96 3.9.4 |

I | A
| NImMs 768 11520 608 A2.8 ] .
I !

| Probe or Golay parity 432 6480 1376 A2.14 |

| symbols ]

! |

| Filler Data 112 1680 1808 |

| . !

| 1920 28800 |

I——----———-—--—_-——-_- - - -—— - _____—---—_-—-——'

3.9.20.1 Source. The WPR frame shall exist in the downlink telemetry either
in real time or as a result of S/C tape recorder playback.
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3.9.20.2 Spacecraft Clock Progression. The SCLK (see paragraph 3.9.2.3) in
successive frames shall increment as shown below:
| RIM_________ MOD_91________ MoD10_________ Mop8____|
| |
| i Ci=any) 0 0 0 |
| i 0 1 0 |
| . . . . |
| . . . . |
| . . . . |
| i 0 9 0 ]
| i 1 0 0 |
| i 1 1 0 |
| . . . . |
I . . . . |
| . . . . |
| i 90 8 0 |
i i 90 9 ] |
| i+t 0 ‘0 0 |
I . . . I
I . . . . |
o e |
3.9.20.3 Embedded Frame Build Up. This frame contains embedded LRS data.
This data shall be built into a structure identical to its real time
equivalent.
The CDS shall embed 1/10 of a LRS frame (512 bits) into each of these
frames. There shall be a delay of one LRS frame time between the
collection and embedding of the LRS data. As a result of this delay,
the relationship between the SCLK in the frame and the SCLK in the
embedded LRS frame shall be as shown below:
Frame Containing 1/10 LRS Frame Embedded LRS Frame
RIM MOD91 MOD10 MOD8 RIM MOD91 MOD10 MODS8
i 0 0 0 i-1 90 0 0
i 1 0 0 i 0 0 0
i 2 0 0 i 1 0 0
i 90 0 0 i 89 0 0

The expressions for computing the embedded LRS minor frame and
segment number within the frame are:

| 900 + 10*MOp 91 + MoD10 |
S = Remainder of |_ 910 1

LRS Minor Frame Integer portion [S/10]
LRS Segment Number = Remainder of [S$/10]
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Probe Data Synchronization. The MPR frames alternately contain Probe
data and Golay parity symbols. The table beiow indicates the SCLK
value corresponding to either the Probe data or Golay parity symbols.

RIM MOD91 MOD10 MoD8 Data TYype
i 0 0 0 Probe
i 1 0 0 Golay
i 2 0 0 Probe
i 90 0 0 Golay

"The expression corresponding to the above table is

| mopio | =0 Probe data
Remainder of |_ 2 _]| =1 Golay parity symbols
KPR _- Keep Alive Power On Reset.

The KPR .frame shall consist exclusively of alternate 1-0 data at 40
b/s.

Source. The KPR frame shall exist in the downlink telemetry as a
result of spacecraft failure which has allowed power to the CDS
memories to be interrupted. The KPR frame shall be output from the
CDS at the high rate channel and low rate channel interfaces to the
MDS. The KPR frame can appear in the downlink as uncoded over S-band
or (convolutionally) coded over either S-band or X-band, depending on
the state of the MDS. Note that the XPR mode will exist in the
downlink telemetry whenever the CDS experiences a power on reset
(POR), but this existence will be transitory since the DS will
restart telemetry upon recovering from a POR.

Spacecraft Clock Progression, Not applicable since the KPR frame
does not contain a header. Recovery from a failure which has
interrupted - CDS memory power requires that the ground re-establish
memory contents including the SCLK, reinstate the configuration, and
then release the KAPOR lockout of the CDS. This recovery sequence
Wwill restart the spacecraft telemetry which has the SCLK incrementing
in the normal manner defined in Table 7.

LMF - Launch Memory Failure,

The LMF frame shall consist of an indeterminate data pattern at 600
bps.

Source. The LMF frame shall exist in the telemetry through the
attached Llaunch vehicle as a result of spacecraft failure which has
allowed power to the CDS memories to be interrupted.

Spacecraft Clock Progression. Not applicable since the LMF frame
does not contain a header.
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APPENDIX A

TELEMETRY FRAME FORMAT

COMPONENTS

79



GLL-3-280 Rev. D

A1.0 SCOPE

This document establishes the Galileo (GLL) Orbiter requirement for
telemetry measurements.

A2.0 TELEMETRY FRAME FORMAT COMPONENTS
A2.1 General

The following paragraphs contain the structure and contents' of the
elements comprising the various data formats found in GLL-3-280,
paragraph 3.9.

A2.2 Engineering Data

The engineering data shall contai